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PREFACE 


The studies which form the subject of this report were begun in the 
latter half of the year 1913, and, as regards the collection of the data 
presented, were completed by the close of the year 1916. ‘The more 
difficult task of assembling the data collected from several simulta- 
neous lines of investigation in such manner as would show their inter- 
relations was necessarily deferred, in great part, until all the data 
were available. It was then interrupted, in a comparatively early 
stage of progress, during the spring of 1917, by the necessity of assign- 
ing the entire personnel-to more immediately urgent activities, 
following: the»entrance ‘ofthe United States into’ the World War. 
Not until the autumn of 1919 could the organization be in part 
reestablished to resume work upon this report; and almost immedi- 
ately thereafter it became necessary to take up new work, which has 
since engaged most of the personnel. In consequence, the publica- 
tion of a report has been delayed far beyond anticipation. This is, 
however, due only in part to the above-mentioned and unavoidable 
interruptions. It is largely due to the fact that such analysis of the 
data as would serve to relate them in an orderly way has proven 
more difficult than was anticipated; and progress has been cor- 
respondingly slow.» It is believed, however, that the facts presented 
have lost none of their pertinence by the delay incident to the attempt — 
to present them in more succinct and coherent form; and it is hoped 
that their significance has been made somewhat elgater: 

As regards authorship, the study has been an undertaking to which 
a comparatively large number of people have contributed; and though 
the work of actually preparing the report in its present form has 
devolved largely upon those whose names appear as authors of the 
several sections, the report represents, in fact, the product of an 
organization working as a unit. Indeed, a very large share of the 
most laborious work in compiling as well as collecting the data used 
has been done by those whose names do not appear as authors; and 
although individual acknowledgments for specific contributions 
can not be made, the authors desire to make grateful acknowledg- 
ment to all their associates. 

We also desire to acknowledge the very substantial Rae ily 
rendered by those who were associated with the work in the capacity 
of consultants. Mr. Earle B. Phelps, late professor of chemistry in 
the Hygienic Laboratory, served, throughout the period of study, as 
consultant, in active touch with all phases of the work, and had a 
large share in developing its general plan and much of its detail. We 
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are indebted to him for most generous assistance in all stages of the 
work including its planning, execution and interpretation. 

For the hydrometric work, which forms an essential part of the 
study, the Director of the United States Geological Survey, on re- 
quest of the Surgeon General, assigned an expert hydrographer, Divi- 
sion Engineer C. E. Ellsworth, with Assistant Engineer R. M. Adams, 
United States Geological Survey, to supervise the collection and com- 
pilation of data. A very considerable part of the hydrometric data 
used were collected and compiled by Messrs. Ellsworth and Adams, and 
the remainder of the work was done more or less directly under the 
advice of Mr. Ellsworth. Acknowledgment is accordingly made to 
the Director of the Geological Survey for providing this assistance, 
and to Mr. Ellsworth and Mr. Adams personally for their services. 

To Dr. Lowell J. Reed, associate professor of biometry and vital 
statistics, the Johns Hopkins University, school of hygiene and 
public health, and consultant in statistics to the Public Health 
Service, acknowledgment is made for advice and assistance in the 
statistical analysis of some of the bacteriological data presented in 
Section VI. 

Finally, we wish to acknowledge the courtesies shown and assistance 
rendered by the district engineer officers, United States Army Engineer 
Corps, in charge of the district offices at Cincinnati, Pittsburgh, 
Louisville, and Wheeling, and to members of their staffs, in giving 
access to their maps and other records, and by the health authorities 
_ of all the States having territory within the watershed in furnish- 
ing data from their records. 


Personnel of Ohio River Investigation, July, 1913, to December, 1916 
[Official designations are as of December, 1916] 
Passed Asst. Surg. W. H. Frost, in charge 
MEDICAL OFFICERS 


Passed Asst. Surg. Paut PREBLE ! (October, 1914— —). 
Passed Asst. Surg. L. R. THompson ! (October, 1913- —). 
Asst. Surg. M. H. Nertu (July, 1913—October, 1914). 

Asst. Surg. Liston Partne (April, 1914—October, 1914). 

Asst. Surg. JosepH BotrTen (April, 1915-—). 

Asst. Surg. H. F. Smirx ! (April, 1915- —). 

Epidemiologist ALLEN W. FREEMAN ! (November, 1915—-—). 


SANITARY ENGINEERS 


Sanitary Engineer R. E. Tarspetr! (July, 1913- —). 
Sanitary Engineer J. K. Hosxins ! (December, 1913- —). 
Sanitary Engineer H. W. SrreEtTER (February, 1914—- —). 
Sanitary Chemist J. A. CRavEN (May, 1915—January, 1916). 
Sanitary Engineer W. G. Stromauist ! (May, 1916- —). 


BIOLOGIST 
Special Expert W. C. Purpy (June, 1914—- —). 
BACTERIOLOGISTS 


Sanitary Bacteriologist E. M. Meyer (March, 1914- —). 

Sanitary Bacteriologist J. W. McBurney (November, 1913—November, 1914). 
Sanitary Bacteriologist H. B. Corsirr (November, 1913—-October, 1914). 
Sanitary Bacteriologist E. E. Smirx, 2d! (March, 1914—- —). 

Sanitary Bacteriologist H. M. Campspeiu (March, 1914—- —). 

Sanitary Bacteriologist M. V. VetprEr (March, 1914—October, 1915). 
Sanitary Bacteriologist A. M. Besmemer (March, 1914—October, 1914). 
Sanitary Bacteriologist C. M. SHzerwoop (April, 1914-November, 1914). 
Sanitary Bacteriologist Max Levine (May, 1914-August, 1914). 
Sanitary Bacteriologist C. T. Burrerrietp (August, 1915- —). 
Sanitary Bacteriologist E. J. Toertautt! (May, 1915+ —). 


ADMINISTRATIVE ASSISTANT 
Pharmacist F. A. SourtHarp (July, 1913— —). 


1 Assigned during a part of the indicated period to other studies, following the Ohio River investigation. 
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INTRODUCTION * 
W.. 4H. Frost. | 


By act of Congress of August 14, 1912, the scope of the Public 
Health Service was extended to include, among other added duties, 
that of studying “sanitation and sewage, including the pollution, 
either directly or indirectly, of the navigable streams and lakes of 
the United States”; and one of the first investigations to be taken 
up in compliance with this provision was a study of the pollution of 
the Ohio River. 

The Ohio was selected for special study not as an isolated and 
local problem, but rather as a type of the large inland rivers which 
are a characteristic feature in the geography of the United States, 
and which present the most complex and difficult of the country’s 
problems in the control of sewage pollution. The purposes of the 
study have, therefore, been to collect such data as would serve: 

(1) To give a quantitative statement of the pollution of the river 
in important zones, as existing at the time of the study, with such 
evaluation as possible of the relative importance of individual 
sources or units in contributing to this pollution, and of the relation 
of the conditions to the public health. 

(2). To furnish the basis for estimating with reasonable precision 
the changes in status of pollution which may be expected in the 
future to result from a given change in one or more of the factors 
concerned; as, for example, from a given increase in the various 
units. of population, or from a given reduction in the polluting 
effect. of their sewage by artificial treatment; or from changes in 
the velocity of flow, due to the construction of additional dams, as 
now projected, for improvement of navigation. 

(3) To investigate the possibility of establishing definite quanti- 
tative relations between the intensity of pollution, as measured. by 
various laboratory tests, and such obvious factors as are readily 
determinable by field surveys. Especially has it been the purpose, 
in this connection, to make a quantitative study of natural purifi- 
cation as related to time of flow, temperature, and other determina- 
ble factors of presumptive importance. 

_- With these purposes in view, the study has been carried out in 
much more detail than would, have been required for the single pur- 
pose of arriving at, an estimate of immediately existent conditions 


* Manuscript submitted for publication March, 1924 


2 OHIO RIVER—-POLLUTION AND PURIFICATION 


and their present relation to public health; and the data collected 
are presented here with reference to their future and general rather 
‘than their immediate and local significance. As to the more general 
purposes, they have been pursued in the hope rather than in the 
expectation of accomplishment, not in full but in sufficient measure 
to be useful. The factors concerned in the pollution and especially, 
perhaps, in the self-purification of a great river system are of extreme 
complexity; and in so far as they may be found to be related in any 
general and simple way this is to be considered as a fortunate rather 
than an anticipated circumstance. The study. has, therefore, been 
to a considerable extent experimental, designed to test the applica- 
bility of the methods applied to the ends in view. 


GENERAL STATUS OF POLLUTION IN THE OHIO RIVER 


The Ohio is one of the principal tributaries of the Mississippi 
River, and among the largest river systems of the United States. 
Conditions with respect to sewage pollution are essentially the same 
as those existing quite generally in the large inland streams of the 
country, except that the necessity for some measure of control 
appears to be rather more imminent than in any other stream of 
equal size. 

The main stream, measured from its junction with the Mississippi 
to the confluence of the Allegheny and Monongahela at Pittsburgh, 
is 960 miles in length; and from Pittsburgh to the headwaters of the 
Allegheny is a further distance of about 400 miles. The river drains 
an area of 203,000 square miles, with a population of 14,500,000, or 
about 71 inhabitants per square mile. Of this population approxi- 
mately 5,100,000 reside in cities of more than 2,500 inhabitants. 
Directly upon the main stream are cities and villages aggregating 
2,400,000 in population, the largest units in this aggregate being the 
metropolitan districts of Pittsburgh (1,043,000) at the upper end; 
Cincinnati (564,000) midway between Pittsburgh and the mouth; 
and Louisville (286,000) 130 miles below Cincinnati. 

All the cities upon the watershed necessarily discharge their 
sewage into the river, either directly or through its tributaries. 
Except near the periphery of the watershed, where the streams are 
small, the immediate pollution resulting from the discharge of 
sewage is seldom grossly offensive, owing to the rather ample dilu- 
tion. Consequently the artificial treatment of sewage is almost 
negligible, entirely so along the main stream. The distances between 
cities are, moreover, generally so great that natural’ purification 
greatly reduces the pollution; and if it were:required merely to pre- 
vent gross pollution, offensive to the senses of sight and smell, the 
necessity for any general control of sewage pollution would be rather 
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distant, and would present itself eventually as a series of local neces- 
sities to be dealt with individually. 

However, all the large cities and a number of the smaller communi- 
ties situated upon the Ohio take their water supplies from the river; 
and in the case of the large cities it is at least questionable whether 
any other sources of supply are available. Therefore, it. becomes 
necessary to consider the sewage pollution of the river from the 
standpoint. of its effect upon these water supplies, protection of 
which must apparently be the paramount consideration in the even- 
tual control of the pollution. 

That the Ohio River is sufficiently polluted throughout its course 
to be dangerous has been only too well proved by the experience of 
every community which has taken its water supply direct from the 
river without purification... It is, moreover, generally conceded that 
even though urban sewage were entirely excluded, the waters of the 
river would still be unfit for public use without artificial purification, 
due to their characteristic turbidity and to inevitable contamina- 
tion from surface drainage. Thus, an efficient plant for the artificial 
purification. of its water is a necessary part of the equipment of every 
community which draws its supply from the river at any point; 
and. the objective im control of sewage pollution should evidently 
be. to limit the burden) placed upon these plants, allowing them an 
ample margin of safety, without. unduly increasing their cost of 
construction and operation. 

It would appear, from. evidence presented later in this report, 
that the best types of filtration plants, efficiently operated with sup- 
plementary chlorination, were still able, during the period of this 
study, to deliver water supplies of good quality; and that in recent 
years their quality has improved rather than deteriorated, indicating 
that improvements in water purification processes have counterbal- 
anced the increased pollution of the sources of supply due to. growth 
of urban population and extension of sewerage. Nevertheless, it 
can not be anticipated that this favorable balance can be indefinitely 
maintained. The rate of increase in sewered population is such that, 
unless some altogether unexpected advance is made in the efficiency 
of water purification. processes, the time must come when purification 
plants will be overtaxed by the steadily increasing sewage pollution. 
To meet this condition, or rather to prevent it, the pollution of the | 
river must be restricted within certain, limits, compatible with its 
use as a source of water supply; and this requires the artificial 
purification of sewage before its discharge. . It need not be doubted 
that this can be accomplished, and that it will be when the necessity 
becomes sufficiently. obvious. It is important, however, not only 
that the measures be effective and that they anticipate any public 
injury, but also that they, accomplish the result at. a minimum of 
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cost, and it is this latter consideration especially which requires that 


any measures adopted be based upon accurate knowledge of the fac- 


tors concerned. 


FACTORS CONCERNED IN THE POLLUTION OF THE, RIVER ~ 


The first step in devising a specific administrative plan of control 


: 


is the formulation of some standard, defining the limits of permissible | 


pollution in the river water as it enters the intake of a purification 
plant. This standard will presumably be stated in terms of quantita- 
tive bacteriological tests, and will be such that a purification plant of 
the best practicable design will be able at all times to deliver from the 
raw water an effluent of unquestioned safety. It need not be a 
uniform standard in all zones where it is to be applied; but may 
well take into account various considerations affecting the nature 
and efficiency of purification processes.’ Also, any standards adopted 
may be modified from time to time, as processes of water purification 
are either improved or found, by experience, to be less reliable than 
supposed. But, while the adoption of some definite standard or 
set of standards is necessary as the basis for a plan of administrative 
control of pollution, it is not requisite for the purposes of the present 
study to have any specific standards in view; but only to recognize 
that such standards as may eventually be adopted must refer to the 
river in zones from which water supplies are taken, and that the 
permissible limits must be far short of such gross pollution as is 
frequently encountered in the zones immediately below the sewer 
outfalls of the larger cities. Then as a preliminary to devising speci- 
fic measures which will have the effect of controlling the pollution 
in these zones within such limits as may be adopted, it is necessary 
to have a quantitative analysis of the factors concerned in the 
pollution, with special reference to the part which each controllable 
unit plays. 

The river at any point is subject to contamination from all the 
wastes, of whatever character, which may find their way into the 
stream above this point. The wastes brought into the stream by 
natural drainage are not subject to control in any considerable 
degree, and while they are by no means harmless, they are not likely, 
by themselves, to be in sufficient concentration to give rise to pollu- 
tion beyond the limits which may be considered permissible. The 
wastes discharged as sewage; that is, through artificial drainage 
systems especially designed to carry off domestic and industrial 
wastes, are of more importance from the standpoint of control, be- 
cause they are more concentrated and generally more offensive in 
character, and because they may, if necessary, be collected and more 
or less completely purified by artificial treatment before their dis- 
charge. Consequently, it is of special importance to ascertain the 


‘INTRODUCTION 5 


proportionate part which sewage, as contrasted with natural drainage, 
plays in the status of pollution; also to ascertain, if possible, the 
share contributed by eachoone of the many sewered communities on 
the watershed, which constitute units in any system of control. 

In a general way; and with due allowance for differences in the 
character and magnitude ‘of waste-producing industries, it may be 
assumed thatthe wastes discharged froma series of sewered com- 
munities are proportionate'to their:respéctive populations. The im- 
mediate pollution ‘contributed by afiy sewered community would, 
then; be proportionate to the population of the community and the 
volume of the stream into which its sewage is discharged, as this 
determines the*dilution or concentration of the sewage constituents. 
Theeffect at any point: more or less’distant downstream is, however, 
modified by the direction and extent of any changes which may have 
taken*place inthe mixture of'sewage and river water. It has long 
been: known ‘that these changes are in the direction of purification, 
as evidenced “chiefly by ‘the ‘oxidation of unstable and putrescible 
organic matter into stable, nonputrescible compounds, and by a 
diminution in numbers of sewage bacteria. It is known, too, that 
these changes are toa largé extent the result of biochemical reactions, 
which proceed more or less slowly, so that, other conditions being 
equal, their extent is related to time, and this, in a stream, is a function 
of distance.and velocity of flow. 

Thus, with reference to a given section of a river, two communities 
discharging equal amounts of identical wastes but situated at different 
distances upstream are of unequal importance relative to the pollu- 
tion at this section, due to. differences in the extent of natural purifica- 
tion intervening. Should it become necessary to reduce the sewage 
pollution at the downstream section, it is a question, both of justice 
and of economics, whether the restrictions imposed as to sewage 
treatment should be the same for both these communities, or pro- 
portionate to their respective shares in the effect, or limited, at first, 
to the nearer community, which is the greater offender. The prin- 
ciple to be applied in distributing the burden of prevention is a matter 
to be decided by judicial and administrative authorities; but, what- 
ever the principle may be, its application requires some quantitative 

knowledge of the effect which each unit of sewage discharge has upon 
the pollution at a given point or points downstream. 

The greatest difficulty in such an analysis lies in the fact that we 
have as yet no exact knowledge of the laws governing natural puri- 

fication. It is known, in a general way, that it is a factor of great 
importance. For example, evidence presented in the suit of Missouri 
v. _Tinois * showed that pollution attributable to the sewage 
' 1Leighton, M. O., Pollution of Illinois and Mississippi Rivers by Chicago Aerie: A digest of the . 


testimony taken in the case of the State of Missouri v. The State of Illinois and the Sanitary District of 
Chicago, U. S. Geological Survey, Water Supply and Irrigation Paper No. 194, Washington, 1907. 


6 OHIO RIVER—POLLUTION AND PURIFICATION 


of the Chicago Sanitary District, discharged through the Chicago 
Drainage Canal and the DePlaines. River into the Illinois River, 
was hardly demonstrable at. the mouth of the Illinois River, some 
300 miles downstream, and though the factors concerned were not 
fully analyzed, it is'obvious that this effect was attributable only 
in small part to physical dilution, and must be credited chiefly to 
natural biological processes..; From, this it might safely be inferred 
that in a river of such great length as the Ohio, natural, purification 
would be a preponderating influence, in determining the relative 
importance of upstream’ communities asi factors.in the pollution at 
points far downstream...Consequently, it has been the chief pur- 
pose of this study. to acquire some definite and) quantitative, even 
though entirely empirical, knowledge of, this: all-important factor 
of natural purification; to, relate it, if possible, to such simple and 
readily determinate variables.as»time, of flow, temperature; and 
season. It may, however, be repeated that the investigation: was 
undertaken ‘with no assurance that fulfillment of this purpose was 
possible. id | . : (i 


PLAN AND DEVELOPMENT. OF, LABORATORY AND. FIELD. STUDIES 


The study of the Ohio River was begun in July, 1913, with the 
assignment of the officer in charge, a junior medical officer, a sani- 
tary engineer, and a pharmacist as administrative assistant. On 
account of its central location Cincinnati was selected as headquar- 
ters, and while a central laboratory was being equipped there a 
preliminary survey of the river was made, plans were laid for the 
establishment of branch laboratories, and the necessary personnel 
were assembled. The Cincinnati laboratory was put into operation 
in November, 1918, and until January 1, 1914, was engaged in pre- 
liminary investigations and in testing and standardizing methods 
of collecting and examining samples. 

In the meantime subsidiary laboratories were established at 
Pittsburgh, at the upper end of the river; Portsmouth, Ohio, about 
350 miles below Pittsburgh and-120 miles above Cincinnati; and at 


Louisville, Ky., about 130 miles below Cincinnati (600 miles below — 


Pittsburgh), and systematic.work was begun at these three substations 
and at Cincinnati early in January, 1914.. In April, 1914, two addi- 


tional laboratories were added, namely, one at. Wheeling, W. Va., 100° 
miles below Pittsburgh, and one at Paducah, Ky., near the mouth of 


the river. 


At each of these laboratories samples for chemical and bacterio-— 


logical examinations were collected from the river and its tributaries 


at regular intervals, usually three or six times weekly, from fixed 


sampling stations, within such distance as to be accessible by motor 


_ 
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boat or other conveyance, » This: schedule sof work was continued 
until October 15, 1914, when the laboratories at Pittsburgh, Wheel- 
studies thereaf tse to the laboratories at Cincinnati ‘inl Louisville; 
examining samples fromthe river and its tributaries in the vicinity 
of and between these two cities. The study of this portion of the 
river was continued, without interruption, until December 31, 1916, 
giving three full years of observation. 

‘The purpose of the laboratory studies was to ascertain, as pre- 

cisely as possible, the character and extent of pollution at a series of 
river sections under a wide range of seasonal and hydrographic 
conditions, with special reference to changes in pollution resulting 
from the discharge of sewage from large cities, the inflow of major 
tributaries, and the influence of natural agencies of purification in 
stretches suitable for observing this effect. The plan of laboratory 
studies, the considerations governing the selection of sampling 
stations, and the details of procedure followed are discussed in 
Section IV, hereafter. 
While this work was in progress, steps were being taken to collect 
the other data necessary for correlation with the results of labora- 
tory tests. Necessary data’ relative to the areas and populations 
of the natural subdivisions of the Ohio ‘watershed were compiled 
from available sources. Under the direction of an expert hydrog- 
rapher, assigned from the United States Geological Survey, the 
data required for computing stream flow were assembled from 
scattered sources and supplemented by additional measurements 
made at existing or newly established gaging stations. From these 
records, taken together with contour maps of the river bed, available 
from the District Engineer Offices of the United States Army Engineer 
Corps, computations were made of the velocities and times of flow in 
successive river prisms under observed conditions of flow. Also, 
during the summers of 1914 and 1915, field parties, each consisting 
of a medical officer and a sanitary engineer, made a detailed 
sanitary survey of the watershed, collecting information as to sewer- 
age; the character and magnitude of waste-producing industries; the 
sources, treatment, and quality of municipal water supplies; ather 
Sanitary conditions presumably affecting the prevalence of typhoid 
fever, and detailed records of the prevalence of this disease in the 
five years 1910-1914. In the course of this survey visits were made 
to all incorporated communities of more than 8,000 inhabitants upon 
the entire watershed, and all communities of whatever size situated 
directly upon the Ohio River, and the information thus secured was 
supplemented by data from the records of the health authorities of 
the several States. 


8 OHIO RIVER—-POLLUTION AND PURIFICATION 
PRESENTATION OF DATA 


The data collected in tHead several lines) of inquiry. are. seeeattiad 
in this report in six sections, dealing respectively with: 

(1). The physiography of the watershed in general. 

(2). Measurements of discharge and velocity in the main stream. — 

(3) Sources. of pollution, with special reference to urban sewage, — 
both domestic and industrial. 

(4) The general plan of laboratory studies in elkkian to the other 
data collected. 

(5) The results of chemical analyses of samples fiben the Ohio 
and its tributaries. 

(6) The results and significance. of pactorisloyira? exeminations, 

An additional section, dealing with studies. of the plankton and 
related organisms ? has already ,been published. separately. 

The results of sanitary surveys of communities. upon the water- 
shed, with reference to the prevalence of typhoid fever and its rela- 
tion to their water supplies are not included in this report; as they 
are not believed. to be essential to its.main purpose. In so far as 
they are of general interest, they will, be presented separately in a 
subsequent report, and, as regards their immediate and local interest, 
they have already been made available to the health authorities of 
the States concerned. 

All other data collected in the. careral lines. of inquiry above 
indicated are included in this report,* but,only in such detail as is 
necessary to relate them to each other in a general view of the factors 
fundamentally concerned in the pollution. of the main stream. -The 
more detailed data which have necessarily been collected and used 
in compiling the rather broad summaries here given are not only too 
voluminous for publication, but are also, for the most, part, of less 
general interest, limited largely to such. authorities.or technical 
experts as may have occasion to apply them in subsequent investiga- 
tion. In order that they may be available for such purposes; they 
are kept permanently on file at, Cincinnati, where they are accessible 
to officials and other interested persons, upon. application .to the 
Surgeon General. 

2W.C. Purdy, A Study of the Pollution and Natural Purification of the Ohio River, I., The Plankton 


and Related Organisms, U. 8. Public Health Service, Public Health Bulletin No. 131, Washington, 1923. 
3 A separate report on studies of dissolved oxygen is made in Public Health Bulletin No. 146. 


ot 





Srorion I 


PHYSIOGRAPHY 
By J. K. Hoskins 


The Ohio River is formed at Pittsburgh, Pa., by the junction of the 
Allegheny and Monongahela Rivers. From this origin it flows in 
a general southwesterly direction, discharging into the Mississippi 
at Cairo, Ill., a distance of 968 miles by water from Pittsburgh. For 
the first 40 miles its course is through Pennsylvania, but from the 
western border of Pennsylvania to its mouth the river forms an 
interstate boundary, separating Ohio, Indiana, and Illinois on the 
north from West Virginia and Kentucky on the south. 

The basin of the Ohio, as shown in Figure 1, lies in the east central 
portion of the United States, extending from latitude 34° 10’ to 
42° 30’ north, and from longitude 78° 00’ to 89° 20’ west. Its 
boundaries approach within a few miles of Lake Erie on the north, 
pass through northern Georgia and Alabama on the south, and extend 
from the Appalachian ridge on the east, westward to the Mississippi 
River. Portions.of 14 States lie within the basin, including large 
areas of the States of Pennsylvania, Ohio, Indiana, Illinois, West 
Virginia, Kentucky, and Tennessee, with smaller areas of New 
York, Maryland, Virginia, North Carolina, Georgia, Alabama, and 
Mississippi. The total areaofthe watershed is approximately 203,000 
square miles, which is about 7 per cent of the area of the continental 
United States; is about equal to the combined areas of the New 
England and Middle Atlantic States, Maryland, and one-half of 
Virginia; and is nearly equal to the area of France as constituted in 
1914. The distribution of this area in the 14 States which con- 
tribute to it is shown in Table No 1. 


TaBLE No. 1.—Relation of States to the Ohio River Basin 
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Fig. 2.—Map of the Obio River watershed, showing boundaries of principal tributary drainage areas 
95404°—24, (Face p. 11). 
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TRIBUTARY DRAINAGE AREAS 


The principal tributaries of the Ohio are those listed in Table No. 
2, which, together with Figure 2, shows their points of junction with 
the main stream and the size and location of their drainage areas. 


TaBLE No. 2.—Junctions and drainage areas of the principal tributaries of the 
Ohio River 
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1 Areas by planimeter measurements from Post Route Maps, 1913. 
bie iene of United States Geological Survey. (These figures used in hydrometric computations of 
ction II. 


As no complete topographic survey of the whole basin of the Ohio 
River has been made, the boundaries and areas of the basin and its 
component parts have not yet been defined with great: precision. 
The areas given in column (1) of Table No. 2 are computed by 
planimeter measurements of watersheds traced on United States post 
route maps by interpolation between the tributaries shown, and 
corrected by reference to United States Geological Survey topo- 
graphic maps in regions for which these are available (about one- 
third of the total basin area). The areas given in column (2) of 
the same table are from records of the United States Geological Sur- 
vey and are used in this report for hydrometric computations upon 
all the subdivisions for which they are available. While the areas 
as given in these two columns do not agree precisely, the difference 
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in the total for the basin is less than 0.6 per cent, and for tributary 
watersheds the maximum difference is 4 per cent—in most cases 
less than 2 percent. The drainage areas above certain points on 
the main stream, as given in Table No. 3, are from the same data as 
are used in column (2) of Table No. 2. 


Taste No. 3.—Drainage areas of Ohio River above certain points 








: Area! Area 1 
Point ahve Point ‘ above 
Sq. miles : ; Sq. miles 

Pittsburgh)! Pa... .cs.dcadaacauesameeees 19, 020 || Above Scioto River.......--.-..-.-.---- 62, 320 
Above Beaver River...._...------------ 19, 630 || Portsmouth, Ohio (includes Scioto 
Davis-Island Dam, Pa---..------.------- 19, 310 IWOL) __ - fas ee hae ante ee 68, 730 ~ 
Below Beaver River-_....-------------- 22,670 || Above Little Miami River__....._______ 70, 950 
Beaver Dam, Pa. (Dam No. 6)--.-_-_-_- 22, 690 |} Cincinnati, Ohio (includes Licking 
East: Liverpool, Ohio..--....--_.._-.---- 23, 440 TRIVOUE so 1 aeetencitenbes is Op cae wanes 76, 320 
Wheeling, W. Va. (includes both Wheel- Above Miami ok eS EE: EES 76, 580 

eigrOrecks)\ Ges Geb ee ee 24,980 || Above Kentucky River______.._.._._-_- 83, 130 
Above Muskingum River..------------- 27, 480° || Lotisville: Kye 91, 190 
Marietta, Ohio (includes Muskingum Above’ Green River-se- 22222522. 98, 000 

Rivers. 5 sb 2 8) 22 35 BOE Se ee 35,6607 “Eo vansville, Isso. <0) lo) Seer oe 107, 100 
Parkersburg, W. Va. (includes Little Above Wabash River.-._....-_._.------ 107, 700 

Kanawha: River): 22223. 238.20 2 37, 950 || Above Cumberland River. -__.___------ 144, 000 
Point Pleasant, W. Va. (includes Ka- Paducah, Ky. (includes ‘Tennessee 

nawha Riv er) sip RRR WO gi BREE 3 oe 52, 690 bc) g eae cethipge ate oY AP + Soy 202, 700 
Catlettsburg, Ky. (includes Big Sandy Oakes Ill. (total drainage area) -_..-..--- 203, 900 

Hiveryssiot eS. AR ee ae 60, 570 


Notr.—Areas determined and supplied by the United States Geological Survey. 


1 Four significant figures are given in this table, but only three significant figures used in body of Teeth) 
Intermediate areas determined by subtraction of values given in this —_ are liable to error, which may 
be as great as 100 square miles. 


GEOLOGY 


The main geologic subdivisions of the Ohio Basin are shown dia- 
grammatically in Figure 3, compiled from various data, chiefly from 
Le Conte’s Geologic Map of the Eastern United States! and from 
State geologic maps. Limestone and shale are the most common 
bedrocks. The most extensive formations are the Carboniferous, 
which extends through the eastern and southeastern portion of the 
basin; the sub-Carboniferous in the central portion, and the Cam- 
brian and Silurian, which cover large areas of the north-central and 
southeastern portions of the basin. The northern part of the water- 
shed, above a line which reaches as far south as Cincinnati, is overlaid 
with glacial drift, which forms the extraordinarily deep and fertile 
soil of the prairies in the western part of the basin. In the mountain 
region of the Appalachians the soil is light and sandy, and in the level 
areas of the Mississippi plains it is alluvial, consisting of a rich loam 
mixed with clay. 

The mineral deposits of greatest economic and industrial importance 
are coal, iron ores, petroleum, and natural gas. The most extensive 
coal measures are those comprised. in the Appalachian fields, extending - 
from western New York southwest to Alabama, and the Restart Tnte- . 





* Le Conte, Jos., Elements of Geology, Fourth Edition, p.302. 
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hio River watershed. Compiled from various State geological maps, maps of the United States Geolo 


map of the eastern United States from Le Conte’s ‘‘ Elements of Geology,’’ 1901, p. 302 
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rior fields, lying in Illinois, southwestern Indiana, and western Ken- 
tucky. The greater part, of the former and about. half of the latter 
fields lie within the boundaries of the Ohio Basin which, in 1909, pro- 
duced approximately 70 per cent of the bituminous coal mined in the 
United States. | 

_ The close association of iron ores with coal measures in the Appa- 
lachian fields, especially in western Pennsylvania, resulted.in the early 
development of the iron and steel industries in that region. In recent 
years the ores smelted in this district: have been largely drawn from 
the Lake Superior region; but the.Pittsburgh district has maintained 
its early established supremacy as the principal center of production of 
iron and steel in the United States. — i 

The principal supplies of petroleum and natural gas are found inthe 

Appalachian fields of New York, Pennsylvania, Ohio, West Virginia, 
Kentucky, and Tennessee; the Lima-Indiana fields in southwestern 
Ohio and eastern and southern Indiana, and the Illinois fields in the 
central and southern parts of the State. The oil fields of the Appa- 
lachian region were the first to be developed in the United States, and. 
in the early days of the industry were the principal source of supply. 
In recent years, due to decreased production in these areas, and to the 
opening up of new fields in other parts of the country, the oil fields of 
the Ohio Basin have furnished proportionately less of the total prod- 
uct of the United States. In 1909 the Appalachian fields of Penn- 
sylvania, Ohio, and West Virginia still produced more than half of the 
natural gas used in the United States. 


TOPOGRAPHY 


The eastern and southeastern sections of the watershed, lying in 
the Appalachian region are mountainous, with steep, quick-spilling 
slopes. West and north of this mountainous area is the more gently 
rolling country of southeastern Ohio, central Kentucky, and Ten- 
nessee, lying around the center of the basin, while the western and 
northwestern portions of the basin, including western Ohio, Indiana, 
Illinois, western Kentucky, and western Tennessee, are level, form- 
ing a part of the great central prairies of the Mississippi, Valley. 
The streams entering the Ohio from the south flow usually in long 
narrow valleys, converging gradually toward the main stream or even, 
as in the case of the Cumberland and Tennessee Rivers, flowing a 
long distance practically parallel to the Ohio. Steep slopes at their 
headwaters render these streams subject to sudden changes in volume. 
The tributaries entering from the north, passing through more level 
country, flow in a general direction more nearly at right angles to the 
Ohio, but are quite tortuous. They are somewhat less flashy than 
the tributaries from the east and south. | 
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FORESTATION 


Originally about 50 per cent of the Ohio watershed was covered — 


with forests, including practically the whole of the drainage area 


above Pittsburgh; but with agricultural and industrial development — 


the forested areas have been reduced to something less than half 
their original extent. The wooded lands remaining at present, 
excepting small woodlots, lie mostly above the 1,500-foot contour, 
chiefly in the eastern and southeastern sections of the basin, in the 
Appalachian regions of Pennsylvania, West Virginia, Virginia, North 
Carolina, Kentucky, and Tennessee. 


CHARACTER OF SURFACE AND GROUND WATERS 


The waters of the main stream of the Ohio and of its tributaries 
throughout the greater part of the basin are characteristically turbid, 
go that for domestic and many industrial uses they require clarifica- 
tion by sedimentation and chemical precipitation, and are more 
satisfactorily treated by the so-called rapid-sand filtration than 
by the slow-sand process of filtration. In general, the streams from 
the western portion of the watershed are more turbid than those from 
the eastern section, the result of which is an increasing turbidity of 
the main stream from source to mouth. The waters from different 
parts of the watershed vary widely in the amount and character of 
mineral salts in solution; but they are, in general, of moderate hard- 
ness, ranging from 25 to 200 parts per million of total hardness in 
terms of CaCO,. Streams which drain coal-mining sections, notably 
the Monongahela, are rather highly impregnated with acid iron salts, 
and even with free sulphuric acid, which materially affect the chem- 
ical composition and biology of the upper Ohio. 

There is a wide range of variation between different sections of 
the basin with respect to the availability and quality of ground 
waters, of which no complete survey has been made. In the northern 


and western portions of the watershed ground waters of fairly accept- 


able quality are commonly available in sufficient quantities for sup- 
plying cities of moderate size. In the mountainous regions, where 
ground-water storage is reduced, supplies from underground sources 
are less frequently available; and in certain areas, especially in the 
coal fields, ground waters, where available in sufficient quantity, are 
often so highly mineralized as to be unfit for domestic and certain 
industrial uses. In some parts of Kentucky and. Tennessee, under- 
ground streams are found in the cavernous limestone bedrock; but 
these may be considered as surface waters flowing in underground 
channels, rather than ground waters in the usual sense. 

A detailed investigation of the public water supplies used by 176 
municipalities located in the Ohio Basin with an aggregate popula- 
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tion of 4,640,000 which was made in 1914 and.1915 showed that 72 
per cent of this population used surface waters; 6 per cent used water 
from subsurface sources, such as cribs and wells located in river 
beds; 8 per cent used mixed supplies from surface and underground 
sources; and only 14 per cent were supplied exclusively with ground 
water from wells and springs. The surface supplies were taken largely 
from open streams, only 4 per cent of the population being supplied 
with water which had been stored in impounding reservoirs. Of the 
cities situated directly upon the Ohio River all those of more than 
18,000 inhabitants, and several of smaller size, depend upon the 
river for their source of supply. The total population of Ohio 
River cities thus supplied, including Pittsburgh, which derives its 
supply from the Allegheny, exceeds 1,700,000. 


CHARACTERISTICS. OF OHIO RIVER CHANNEL 


The Ohio is largely an alluvial stream in a fairly advanced stage 
of channel adjustment, as is evidenced by the fact that the velocities 
_of flow ‘are quite uniform throughout the length of the channel, and 
also by the fact that the meanders of the line of flow are gradual 
and wide-sweeping. ‘The stiff clay soil has, however, brought about 
an adjustment to high rather than to low discharges, resulting in a 
channel floor that is relatively wide and flat. This condition causes 
wide variations in the velocity of flow. between high and low river 
stages. | : 

The river bed in the upper reaches consists of coarse gravel and 
boulders, but in passing downstream these are gradually replaced 
by sand and silt deposits, which sift constantly under varying flow 
conditions. ‘The channel is made up of a series of pools and riffles, 
alternating with stretches of rather smooth, uniform grade. The 
depth of water in the pools at low stages ranges from less than 10 
feet to over 50 feet, while in the riffles, especially in the upper part 
of the river, the depths are frequently less than 3 feet at low-water 
stages. 

The slope of the river, as measured by the elevation of the water 
surface, decreases gradually from 11.4 inches per mile between 
Pittsburgh and Wheeling to 3.7 inches per mile in the last 70 miles 
above its mouth. The only falls of any magnitude, which are at 
Louisville, are formed by an irregular mass of limestone lying across 
the bed of the river, causing a drop of 23.9 feet in a distance of 2.3 
miles. These falls are not navigable excepting at high-water stages, 
and even then with danger and difficulty. For this reason the 
Louisville & Portland Canal was constructed in 1830 and has since 
been in use to accommodate river traffic around the falls. 
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From Pittsburgh to.Cincinnati, the channel is narrow and, com- 
paratively uniform in width, ranging from 1,200 feet to 1,500 feet 
at low water. In the long sainal between Conaumats and. Louisville 
the channel widens considerably, contracting again below the falls, 
and then gradually widens, reaching an ultimate width of over a 
mile at the mouth. . EKighty permanent islands, ranging in, area from 
1 to 5,000 acres, are scattered throughout the channel length, about 
50 of these being above Louisville. Many of these islands are under 
cultivation. 


NAVIGATION AND IMPROVEMENT 


The Ohio River was formerly almost wholly load? to auivigatioh 
during ordinary low-water stages, because of the shallow depth’ ‘of 
water over numerous riffles. Efforts have been made to overcome 
this handicap by the use of shallow-draft vessels, but the limitations 
of size of such boats are such that, in order to maintain nayigability 
throughout the year, extensive UBaihal improvements, not yet com- 
pleted, have been in progress under the Federal Government for 
nearly 100 years. A detailed history of this work may be found in 
the “Report of an Examination of the Ohio River?” prepares by 
a board of U.S. Army Engineers. 

The first work undertaken by the Federal Government was in 
the nature of temporary improvement by the removal of sand bars 
and snags from the channel. Later, permanent construction was 
authorized, including the erection of dikes and cut-off dams; and 
more recently, since about 1875, the main program of improvement 
has been the construction of a series of removable dams, designed to 
maintain a navigable depth at low-river stages. The complete project, 
which has been “anally adopted and is now being developed, contem- 
plates a series of 54 dams and locks which will maintain a minimum 
navigable depth of 9 feet at low water throughout the length of the 
river. ‘The dams consist of permanent sills and Chanoine wickets 
which may be raised and lowered as required. In river stages suffi- 
ciently high for navigation in open channel the wickets are lowered 
and vessels pass over the sills of the dams. In low stages, when the 
channel depth becomes less than about 9 feet, the wickets are 
raised, forming a pool, and vessels pass around the dam through a 
lock. 

Table No. 4 shows the location and status of such of these dams 
as were completed or under construction at the close of the calendar 


year 1915. At that time 17 of the dams had been completed and 17 
were under construction. 


*H. Doc. No. 492, 60th Cong., Ist sess., Government Printing Office, Weshington, D. C., 1908. 
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‘Tasue No. 4.—Location and status of movable dams on Ohio River completed and 
under construction at end of year 1915 


— Approxi- 
istance mate ; 
Elevation 
Dam No + Abe Status at end of 1915 cereus ae of upper 
Pittsburgh pool Pee 
formed ! 
Miles Miles Feet 

‘Tia ee ii Completed. 3 4.£2_4. 2 A 8 BES. Cs Fs 4.7 703. 0 
ee QuQuee say OL ee a ee a et SO Fe Sel CE 4.3 699. 9 
RA ae 15. (hes ae dnt fae) be 2 le Se One 3 2 Ol oe AGL 2h Nets 5 1.9 692. 1 
ee eee 18:6 i e.- Oni. 26.23 39 2) Bh Be fo) eet Fett bers 8 af 684, 4 
‘een, ae 23.9 jae. ! Ob Fe Ae he 2 Ae ne ES 2 FO OR yt en! 676. 8 
Te 28. 8 |_-.-. 0g. ee eee eae a sk Se A ee PRS AT 4.9 668. 3 
8 Sih Swat ee 36.9 |_---. “eh tg Se om) RE RT eT ape igs Se es oe 2 8.1 662. 6 
Ee, 46 Wylie oe en a ee Sa Fee ae eh ee eee 9.2 655. 7 
, ee bo, Gite e3 Vi Oe Oe Se a Pee es ae ee ee 9.5 649. 3 
Perso 5 i ars ana CLLR ewe note 5 ho ee te RAN 2 a ET AMER ANT SAY POOREST 10.1 641. 9 
i ae ee 76. SHakies: Gots spare fe 5. ae es 2 es eegiares to! 10. 6 633. 5 
tea 87.0 | Under construction ES ae hee cp a) LY Eee Siete tae 10. 7 626. 2 
“1 enh ae OS WOLD ICL hee aye ee rae ee eT 8.8 617.8 
IAL ii nIS.8it Urider constriction :1i+ £2) 2 ba BEA ft 18.0 610. 5 
vit $25 Mec ge 22869 fo eas SU SOE epi abe LAT eA Ove. Cue ate meee Se ee ae 15. 3 602. 2 
1G. ZA 146. 4 }oLLL. Gomi sa) ibe PSD A eek ek 17.5 594. 4 
i= OE GE Boal, oR OE REE TRI ay eg Oe 21.0 586. 6 
1). pe ees EER. T7937 Completed)? ._ 207. .gheii seen st ides feb the 11.9 578. 4 
| eae eae 107, 40 WT CONSE CHION oc ees sa ei an 12.1 572. 2 
2053.2... WL Tris eee be EE Rae 08 Rs Be ol eee hE Pe 10. 3 564. 5 
74 (ae > Bp BY NESS 2138 jes OSE PP y ge Ge SO RAO Tee oa Pai TN ee 12.1 557. 0 
22) 2501 LT 220, Pe G64). ViSG TSS SAP DOES Skis SP vie aS 6. 3 551. 4 
2: PY Se PAZ O bh sey 3t SU Sy EP See ST Ere FES ley eres, Sega pad 119.0 535. 5 
26 Eb) 3943 D8) 0H? Com pleted. 235 SII lv A. ORI SOF hess Bet 1 29.3 519.5 
Pc gee ey oa BLO. OD beers Cr iat oa 0 OE ee Fide nds a te ee Tl 1 28. 4 505. 6 
OOF. £8 V isi 319. 4 |’ Under construction $30 Ge FO PE Le LE ee RR A ee 8 eet 8.5 498, 5 
ae 2 Eee. Bey Sy ee tO Ape fies ames 2) Fh Nee: ee ek 134.0 483. 0 
QSL 404.0 }__.__ AGU SAUL LL. Oe WOR ee Bae 2a DD 130. 3 468. 0 
BO! Pr ee pss yr AT 2 ees tA ee Ae ee, EN 6 Ne kee ey gt SS 45. 7 455. 4 
BIG F23 51.3 | Campletedie ist) Feal2 v7 ATLL) ail ete Va od 128.9 441.1 
SEES Reoren © nGer Cons@uction. =). a 1 38. 6 426. 0 
41.025 5 yu : 607.10:' Ognipletedte itll SIM LB Ile eA Se 169.8 412.0 
7 Ne PeGal 26s Ol MGOr CONSEFUCLION. 22) 2202 be ea) Se 1 46.0 383. 0 
Ce ee. 804.1 |_-__- COs ee ee he a TD go ee Re ek, SE MS 41.9 338. 0 





1 Values designated thus give actual pool lengths extending back to open channel extreme low-water 
profile, and do not take into account effects of intermediate future dams not listed in present table, which 
will when completed affect the upper ends of these pools for various distances, according to the location 
of these future dams. Values not designated thus give pool lengths extending back to next dam upstream 
either actually completed or under construction. 

2 Elevations are in terms of feet above: mean sea level datum, Sandy Hook, N. J. 

The completed dams ‘suffice to maintain a 9-foot slackwater depth 
from Pittsburgh to Dam No. 11 (above.Wheeling), a distance of 76 
miles; from the upper limits of Cincinnati to. Dam, No. 37, a-distance 
of about 20 miles, and from Madison, Ind:, to Dam. No. 41 at Louis- 
ville, a distance of 49 miles... Between these stretches, in sections 
of the river, where dams. are not in operation, the minimum depth of 
the stream may fall to 3. feetor less. -Table No.5 shows the num- 
ber of days during the years 1911 to 1915, seine that the 


wickets of each nosy were raised. 
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TaBLE No. 5.—Summary of number of days Ohio River dams were raised, creating 
pool stages, during the five years, 1911-1915 


[Data furnished by district engineer offices, Pittsburgh, Wheeling, Cincinnati, and Louisville] 











Number of days dam was Number of days dam was 
is e 
Dam No. TS te a Oe Ss Dam No. GENTE) a se 
1911 | 1912 | 1913 | 1914 | 1915 1911 | 1912 | 1913 | 1914 | 1915 
Iii. <-4. == 4-+ 2h =-- 132} 56] 160 228. |i. .P. 22.2. OORoE @) | @) | @ | 284] «176 
pith ee 112} 142] 195} 197 936. Un POG eeu wae pene () (1) (1) (1) 213 
Ree Pee 133 | 141] 196] 196 202 heck eee ee 31 17 | 194] 197 210 
PEP OS ba ek 130 | 142] 186] 194 BAD. Uh Rocka hia. dete 42} 113] 183] 172 167 
Boca e208 eR: 126 | 132] 182] 193 OG A 1S Leena eee 124] 1 191 174 
Gan 1B he 125} 131] 164} 192 1SGt4}.260 casuuckoo sake (1) (1) (1) 245 137 
ness ee er ¢ ( Q 281 186. Ses euGei nds () (4) Q Ql 68 
ot eee LL: ae 46} 116} 161] 113 176) WWw372 520 on cece eee 41 57 | 112] 179 80 
1 Not completed. 2 First time raised. 


In addition to their importance in maintenance of navigable stream 
depth, these dams have an important bearing upon the biology of 
the river, through the establishment of quiescent pools and the 
prolongation of the time of passage of water downstream. Those 
already completed have the effect of greatly prolonging the time of 
flow in the first 75 miles below Pittsburgh, and it is estimated that 
with all the dams in operation the time of flow from Pittsburgh to 
the mouth of the river at low stages will be from two to three times 
as great as before any of the dams were constructed. This increased 
time of flow is of very great importance in relation to natural processes 
of purification in the stream. 


TEMPERATURE 


Such an extensive and diversified area as the Ohio Basin neces- 
sarily presents a considerable range of climatic conditions. Mean 
monthly temperatures at 16 observation stations are summarized in 
Table No. 6. As the period of record is longer at some stations than 
at others the means given in this table are not entirely comparable; 
but they serve at least to illustrate usual ranges of seasonal variation 
and differences between different portions of the watershed. Through- 
out the area July is the month of highest mean temperature, 
ranging from 66.8° at Bolivar, N. Y. in the extreme northeast’ to 
slightly over 79° at several stations in the southern and western 
portion of the watershed. The widest ranges of difference in tempera- 
ture are in the winter months. In the northern and northeastern sec- 
tions of the basin the mean temperature is below the freezing point 
for two or three months, snowfalls remain upon the ground for 
considerable periods, and the streams are frequently covered with ice. 
In the southern sections of the watershed snow falls much less fre- 
quently, and when it falls, melts rapidly, while ice is seldom formed 
even upon the small streams. The main stream of the Ohio is very 
rarely frozen over, though ice is often brought down by the northern 
tributaries in sufficient quantity to interrupt navigation. 
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Taste No. 6.—Mean monthly temperatures at selected stations on Ohio River 








watershed 
Station Jan. | Feb. | Mar.| Apr. | May | June | July | Aug.|Sept.| Oct. | Nov.| Dec. | Year 

Bolivar, N. Y_...--- 23.0 | 21.3 | 33.6 | 43.5 | 54.9 | 62.5 | 66.8 | 65.4 | 59.2 | 48.7 | 37.1 | 25.1 45.1 
Johnstown, Pa_...-- 30.1 | 29.3 | 39.5 | 49.6] 61.4 | 69.4} 73.4 1.71.0] 65.7) 53.7 | 41.7 | 32.6) 51.5 
Cadiz, nie? 25". .t 29.2 | 27.6 | 40.6} 49.6] 61.3 | 69.4 | 73.2] 71.4] 66.5 | 53.2] 40.9 | 31.5] 61.2 
Danville, Dl_.......- 26.9 | 27.5 | 39.3 | 52.5] 64.7 | 72.6] 76.5) 73.8 | 67.8) 56.2] 41.3 | 30.1] 52.4 
Columbus, Ohio-_--- 28.6 | 31.0} 39.2 | 51.0} 62.3 | 71.0) 75.3 | 73.0] 65.9 | 54.1) 41.4 | 32.81 52.1 
Indianapolis, Ind__..| 28.2 } 30.7 | 39.7 | 52.4 | 63.3} 72.41 76.2 | 73.6] 66.7] 55.0] 41.6 | 32.6] 52,7 
Cincinnati, Ohio____| 32.3 | 34.4 | 42.8] 54.3 | 65.11] 73.7] 77.7 | 75.5] 69.0 | 57.0 | 44.6] 36.4] 55.2 
Evansville, Ind___-_- 32.3 | 35.8 | 44.6] 56.4 | 67.1 | 75.3 | 79.3 | 77.0] 69, 7 |.58.0] 45.3 | 36.4] 56.4 
Lewisburg, W. Va_-_-_| 32.4] 31.1 | 43.2] 50.1 | 60.8 | 67.7] 71.4} 70.0] 64.7 | 53.3 | 41.3 | 32.6] 51.5 
DO ee 6 34.9 | 33.3 | 46.3 | 53.8 | 64.2] 71.1 | 74.7) 73.8] 68.9] 56.7 144.5 | 35.7] 548 
Burkes Garden, Va-_-_; 31.7 | 29.6 | 42.2 | 47.4 | 57.9 | 64.0] 67.2) 66.3 | 60.3 | 49.5 | 40.3] 31.2] 49.0 
Nashville, Tenn____- 38.0 | 41.1 | 49.2) 59.1] 68.8] 76.3 | 79.41 77.8] 71.5] 60.3 | 48.7 | 41.1 59. 3 
Knoxville, Tenn.___- 37.5 | 40.8 | 48.2 | 57.4] 66.5 | 73.4) 76.2) 74.7 | 69.4] 58.1 | 47.1] 39.7 57.4 
Marshall, N. C____-- 36. 8 | 37.4 | 48.2) 54.3 | 64.4 | 71.2 | 74.6 | 73.1] 68.0] 58.8 | 46.4] 38.5] 56.0 
Chattanooga, Tenn_-.| 40.0 | 43.7 } 51.3] 60.0 | 68.6 | 75.4 | 77.8] 76.5] 71.2] 60.8 | 50.3] 426] 59.9 
Florence, Ala_..__._- 40.9 | 42.8 | 53.1] 61.0] 68.9 | 76.5] 79.21 78.8] 73.2 | 61.9 | 51.0) 42.7] 60.8 

Average -____.-- 32.7 | 33.6 | 43.9 | 53.3 | 63.8 | 71.4] 74.9 | 73.2 | 67.4 | 56.0 | 44.0 | 35.1 54.1 


Notre.—Data from published records of United States Weather Bureau. Figures in all cases are aver- 
ages for period of record at each observation station, to and including 1913. 


RAINFALL 


The mean annual rainfall over the whole basin is about 44 inches. 
As shown in Table No. 7, this precipitation corresponds approxi- 
mately to that observed on watersheds of the Atlantic coast, such 
as the Connecticut, Delaware, Hudson, and Potomac, but is very 


considerably in excess of that upon the upper Mississippi and > 
Missouri Basins. 


TaBLe No. 7.—Mean annual rainfall on various watersheds of the United States 


é Years in- Mean 
Watershed Area cluded in annual Reference 

record rainfall 

Sq. miles Inches 
Tombigbee, above Columbus, 4, 440 9 49,2} Trans. Am. Soc. Civil Engi- 

Miss. neers, vol. 79. 
Delaware, above Trenton, N. J_- 6, 916 (1) © 45.3 Sears Survey of New Jersey, 
ol. 3, 1894. 

Ohio, above mouth_._.-__.....___- 202, 691 (1) 44.4} Compiled from published rec- 
ords of U. S. Weather Bu- 
reau. 

sk <i te above Mechanicsville, 4, 500 13 44.2 ae ate of Wisconsin, Bull. 

a Se 0. 425. 
Connecticut, above mouth__..__- 10, 234 13 43.0 | U. S. Geological Survey, Water 
, Supply Paper No. 80. 

James, above Cartersville, Va__._ 6, 230 , 42.1 | Trans. Am. Soc. Civil Engi- 
heers, vol. 79. 

Illinois, in State of Dlinois.___-_-- 23, 940 (!) 35.4 | Water Resources of Illinois, 1914. 

Wisconsin, above Portage, Wis__- 5, 900 37 32. 8 Go ty of Wisconsin, Bull. 

0. 425. 
Sacramento, above Red Bluff, 10, 400 9 32.2} Trans. Am. Soc. Civil Engi- 
Calif. 4 neers, vol. 79. 

St. Croix, above St. Croix, Wis._- 5, 930 ll 30..0 Do. 

Colorado, above Austin, Tex_.._. 37, 000 10 26.9 Do. 

ey above Montevideo, 6,300 5 22.7 Do. 

inn. 
South Platte, above Kersey, 10, 000 6 17,3 | U. S. Geological Survey, Water 
Colo. Supply Paper No. 75. 





1 Varies at different observation stations. 
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The distribution of rainfall on the major subdivisions of the | 
Ohio watershed is shown in Table No. 8, the annual means being ~ 


computed from the entire periods of record for all observation sta- 
tions on the drainage basin up to 1913. As a rule the higher rain- 
falls occur in the eastern and southern portions of the watershed. 
Thus, the mean annual rainfall exceeds 40 inches upon the drainage 
areas of the Allegheny and Monongahela and of all tributaries en- 


“bry 


tering the Ohio River from the south, while it is less than 40 inches | 
upon the watersheds of all tributaries (excepting the eco! | 


entering from the north. 


TaBLE No. 8.—Mean annual rainfall on Ohio Watershed above certain paris and 
on principal tributary basins 





Mean ‘ Mean 
Drainage basin Area | annual Drainage basin Area | annual 
* rainfall rainfall 
Ohio River: Sq. mi. | Inches || Tributary basins (over 3,000 
Above Pittsburgh.____._---- 19, 020 42. 97 square miles in area).—Cont.: : 
Above Cincinnati (includ- P Sq. mi. | Inches 
pw Cking) 5 oe 76, 320 41. 66 Big Bandy: 2. 3A 2d See 4, 219 43.71 
Including Tennessee----_- ~~ - 202,700 | 44. 38 Solotol 2135425. 262i Liat 6,529} 38.10 
Tributary basins (over 3,000 Licking... . 9 ~-.-4-¢-444-se- 3, 651 42. 68 
square miles in area): Milami. -_.£2752. Ss ttt 5, 396 38. 44 
AORNONY os ee oreo 11, 677 41. 99 Kentucky es So eee 7, 058 45. 13 
Monongahela_-.....--------- 7, 333 44. 53 Gredni!. 120-292) 2a 9, 154 46. 30 
BOAVeT? 2. een wee ress s 3, 148 38. 31 Wabash. p20 23 SLL Lee 32, 476 39. 46 
Muskingum. -_._:.2---2----_- 7, 989 37. 98 Cumberland____..2--1.1.22.! 17, 936 49. 46 
KAWAWiOl So oe ree 12, 073 43. 93 Tennessee: 2.2525. 2. ae 40, 608 50. 59 





On the watershed as a whole the rainfall usually reaches a maxi- 
mum in March, with a second peak in June and July, declining to a 
minimum in October. Upon the northern and eastern watersheds 
the maximum is reached more commonly in July, while: on the 
southern and western watersheds it falls more commonly in the 


early spring. Throughout the watershed the minimum rainfall © 


occurs very constantly in October or November. 
RUN-OFF 


The mean annual run-off of the Ohio watershed for the years 1899 
to 1910 according to records of the Geological Survey* was 20.2 
imches, approximately 46 per cent of the rainfall. For that portion 
of the: watershed above Cincinnati it was 16.7 inches, which is 40 
per cent of the rainfall. As no records of discharge for years prior 
to 1914 are available for the other subdivisions of the watershed 
which are included in Table No. 8, their normal run-off can not be 
established; but the relations of rainfall to run-off in 1914-15 as 
indicated by special observations made in connection with this 


study are shown in detail in the tables included in Section II. (See 
Tables 16 and 17.) 








* Unpublished records, furnished by courtesy of the Water Resources Branch, U. 8. Geological Survey. _ 
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The seasonal distribution of run-off from the watershed differs 
materially from that of rainfall, the ratio of run-off to rainfall being 
much higher in winter and spring than in summer and autumn, so 
that notwithstanding the heavy rainfall of the summer the run-off 
in that portion of the year is characteristically low. The normal 
seasonal cycle of run-off in the Ohio Basin ‘consists of: 

(1) A maximum run-off period usually occurring between Feb- 
ruary and April) when the effects of rains are augmented by those of 
melting snow and ice and the ground is well saturated with moisture. 

(2) A period of rapid subsidence of streams.during early summer 
to low stages which continue throughout the warm season. 

(3) A period of gradualincrease in run-off during November and 
December, due to late autumnrains, until the maximum stage is 
again reached. (See figs. 4 and 5.) 

The normal seasonal cycle of run-off is illustrated in the following 
summary, giving the average figures, in inches, of run-off, by months, 
of the Ohio watershed above Cincinnati for the years 1896 to 1913, 
inclusive: 


Run-off Run-off 

(in inches). (in inches). 

Meopsuerys. 2)... 2, 9-5. 1304) Augustee 0. op 4- 5h. os lla 0. 63 
Pearse me ned [wepbember 05 ot . 43 
April_- 2c _ nipwcetifs--§ RA OCLPPeTIOL OW LO 46 
etGle Gita s sooo 7. 66 Oth. owe 1. 52 

FS ae ae a eae a aa NR IS EE Lod |. November_j. i. Joo feski det cc 61 
= Red bh, eh Te, a Mee a OM a December. fo ok ee 1. 19 
{pv SSeS Cee pipe, Sey a eee ae EPR ET Te Se | eae Gap ceeen Ont Me, 2.15 
PO. 2k... Oe 3.35 ATE ae Kio a OR 3. 99 


Variations from this cycle may occur; for instance, a dry spring 
may be followed by a wet summer; and local rains may cause more or 
less variation in the normal seasonal curve upon limited drainage 
areas. . ey de Vane 

_ The geographical distribution of run-off over the Ohio Basin also va- 
ries seasonally. During the late winter and spring freshets the run-off 
from the northern sections of the watershed usually exceeds that from 
the southern portions, principally because of the influence of melting 
ice and snow. In the dry seasons, however, the run-off from southern 
watersheds haying their hbadwh tae 3 in the mountains greatly exceeds 
that of many of the northern basins, largely due to physical condi- 
tions affecting the storage of groundwater: 


DISCHARGE 


With Keplect to aiden the Ohio River is the largest tributary 
of the Mississippi, although its drainage area is scarcely more than 
one-third that of the Missouri River. The mean annual discharge 
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Fig. 5.—Rainfall and run-off on the Ohio River watershed above Louisville and on entire water- 


shed, by months, 1914 and 1915, and normal rainfall for period of record 
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of the Ohio is about 300,000 second-feet,* while its maximum recorded 
discharge is about five times this amount, or 1,500,000 second-feet. 
The minimum discharge is fairly represented. by the flow during the 
early part of October, 1914, during which period the stream reached 
almost its lowest recorded stages. At this time the discharge at the 
mouth fell to about 30,000 second-feet, which is approximately one- 
fiftieth of the recorded maximum. The normal seasonal range | of 
discharge, however, lies between a minimum of 50,000 and a maxi- 
mum of about 1,000,000 second-feet, a variation of aout twentyfold. 
In comparison with other rivers, the mean annual discharge of the 
Ohio is about equal to that of the St. Lawrehee River at Ogdensburg, 
N. Y.; is about 49 per cent of that of the Mississipi and is yee 
bran ter than that of the Danube. 


FLOODS 


The Ohio is notably subject to floods, causing more or less serious 
damage. During the period of 58 years from 1858 to 1913 inclusive, 
with the two earlier years 1832 and 1847, flood stages (gage height 
over 50 feet) occurred at Cincinnati 51 times, according to a report 
of the War Department ®, the maximum.stages reached being as 
follows: 


Times 
50-55 Tester eee ee ee ee rs ones 
55-60 feetz. -.-- oo Nec oe cc Bee = oa ee oe eee 16 
60565 feet 1-3 tra ee ee 6 
65-70 feet.i... 32 b= at Se 2 
70-72 feete 2 ae a ee “Tw 


It is stated by Horton and Jackson *, who made a special study 
of the exceptionally disastrous, flood of . March-April, 1913 that 
from 1873, when accurate and reliable records begin, to 1913, the 
Ohio overflowed.its banks at some point each year, and’ that in some 
years as many as five floods occurred. According to the same authori- 
ties, 43 out of 46 floods recorded at Cincinnati have occurred within 
the four months, January to April, inclusive. Due to the danger of 
flooding water-supply plants, in addition to their other dangers to 
life and health, these floods are of considerable importance from the 
viewpoint of public health. As to how far they are preventable by 
measures practicable of application expert opinion differs. \ 

‘ The average discharge of the five-year period from 1880 to 1885 has been given ise Mr. Al se Horton, 
U.S. Geological Survey, at 303,000 second-feet. 
5 Jones, R. R., The Ohio River, War Dept., Doc: 537, p. 8. 


6 Horton, A. H. ,and Jackson, H.J., The Ohio Valley Flood of March- Kpril, 1913, U.S. Geological Survey, 
Water np Iny, Paves No. 334, Washingtoh, 1913, 


| , Section II 
MEASUREMENTS OF DISCHARGE AND VELOCITY 
By H. W. Streeter 


In order to interpret the results of the chemical and bacteriological 
studies which are discussed hereafter, it is necessary to have fairly 
precise determinations’ of: 

1..The discharge of the Ohio River at each sampling station, at 
all stages observed during the period.of study. 

2. The discharge of each tributary upon which a sampling station 
was located. — 

3. The velocity of flow of the river between. successive sampling 
stations and other points of special interest, from which to compute 
‘the time required for passage of water ce liege between such 
points. 

Prior to the beginning of this study, such data for the Ohio had 
not been assembled. The basic records from which the required 
estimates might be made were for the most part available, but 
scattered, chiefly in unpublished files of the United States Geological 
Survey and of the District Engineer offices on the Ohio River. 

In order that the available data might be properly assembled, 
supplemented by necessary additional observations and .analyzed, 
the services of an expert hydrographer were obtained through the 
courtesy of the Director of the United States Geological Survey who 
by request of the Surgeon General, detailed District Engineer C. E. 
Ellsworth to the work from March 1, 1914, to February 1, 1915. 
During a part of this time Mr. Ellsworth had the assistance of Junior 
Engineer R. M. Adams, United States Geological Survey; and 
throughout his work he was assisted by the engineers of the Public 
Health Service, who have continued and extended to subsequent 
periods the computations begun by him. 


* 


SOURCES OF DATA 


The data found available from various sources and assembled by 
Mr. Ellsworth and his assistants were chiefly the following: 
1. From the United States Geological Survey: Gage height 
records, discharge estimates, and rating tables for a number of gag- 
ing stations on the Ohio River and certain tributaries. 

2. From the Ohio River District Engineer offices, United States 
Army Engineer Corps: Detailed topographic maps and profiles of 
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the Ohio River; records of gage heights at dams on this river and 
certain tributaries, and estimates of discharge. 

3. From the United States Weather Bureau: Published records 
of rainfall at many points in the Ohio Basin, and both published and 
current. unpublished. records of gage heights.for. the many gages 
maintained upon the Ohio and its tributaries. 

4. From the State Water Supply Commission of Pennsylvania: 
Gage-height records and individual stream gagings. 

These data were supplemented by several months of field work by 
Mr. Ellsworth and his assistants, who made additional current- 
meter measurements at several previously established gaging sta- 
tions, both on the main stream and on several tributaries; and located 
additional gaging stations on the Beaver, Scioto, Little Miami, 
Licking, and Miami Rivers. In order to provide rating tables for 
these streams, current-meter measurements were made at each sta- 
tion by Mr. Ellsworth during the summer of 1914, and after his 
detachment, additional measurements were made by engineers of the 
Public Health Service during the winter of 1914-15. 

The estimates of discharge and velocity of flow derived from these 
records were compiled under Mr. Ellsworth’s supervision, the prepa- 
ration and checking of rating tables, tabulation of gage-height 
records, and computations of discharge being done partly at the 
headquarters of the Geological Survey in Washington, and partly 
in the Public Health Service laboratory at Cincinnati. 

The hydrometric records assembled in the tables following are 
compiled and presented separately for two periods: The first from 
January 1 to October 15, 1914; the second from October 1, 1914, to 
December 31, 1915. They are thus separated because during the 
first period analytical studies were made at a series of six laboratories, 
covering stretches of the Ohio from Pittsburgh to Paducah, and all 
tributaries accessible from these stations, while during the second 
period, from October 15, 1914, work was carried on only at Cin- 
cinnati and. Louisville, upon the stretch of river between these two 
cities, and upon the tributaries discharging into that stretch. There- 
fore, it has not been considered necessary to present detailed hydro- 
metric data for other sections of the river beyond October 15, 1914. 

As the hydrometric records have been compiled solely for appli- 
cation to other data assembled in this study, they are presented only 
in such detail as is necessary for this purpose; and since it is contrary 
to the policy of the United States Geological Survey to. publish 
discharge rating tables, the same policy has. been followed in. this 
report. More detailed records than are here presented are, however, 
kept on file at the United States Public Health Service laboratory at 
Cincinnati, Ohio, where they are available to official agencies. for 
reference in connection with future studies. 
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ESTIMATES OF DISCHARGE 


Methods employed.—The methods employed in making estimates 
of discharge at the various points referred to in this report conform, 
in general, to those used by the United States Geological Survey, as 
described in various publications... They comprise the following 
steps: 

1. Establishment of a gage at some point on a stream at which 
changes in river stage are comparable with changes in discharge. 

2. Current-meter measurements of the discharge of the stream 
upon an accurately determined section, located close to the gage, 
the measurements being made at a sufficient number of different 
gage heights to establish a definite curve of correlation between 
gage height and discharge. 

3. Systematic observations of gage heights at intervals of a day 
or less, from records of which corresponding discharge values for 
any given period may be obtained by reference to the rating curve 
established as above. 

_ The method of computing the discharge of a stream from an 
individual measurement consists in determining the mean velocity 
of flow in the selected cross section by means of the current meter, 
measuring the cross-sectional area of flow of this section by sound- 
ings, and from these two values obtaining the rate of discharge from 
the simple hydraulic formula: 
Q=A V 

in which, 

Q= Discharge, in cubic feet per second. 

A= Cross-sectional area of flow, in square feet. 

V= Mean velocity of flow, in feet per second. 

In the present work it has been necessary, in many instances, to 

extend estimates of discharge to points above or below gaging sta- 
tions, because it was not always practicable to establish stations at 
precisely those points on the stream at which the discharge was 
required. In such cases the practice has been as follows: 
1. Where it has been necessary to extend discharge estimates at 
a gaging station to some other point downstream, with no important 
tributary intervening, the discharge at the gaging station has been 
multiplied by a factor representing the increase in drainage area 
between the gaging station and the lower point of the stream, 
assuming that the increase in discharge is proportionate to the 
increase in drainage area. Such extension must usually be made in 
estimating the full discharge of a tributary, since it is necessary to 
locate gaging stations far enough upstream to avoid the influence 
of backwater. 


_ 1 Hoyt, J. C., and Grover, N. C., River Discharge, Wiley & Sons, New York, Ist Edition. U. 8, 
Geological Survey, Water Supply Papers 56 and 94. 
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2. For extension of discharge estimates from a point immediately 
above to a point immediately below a tributary of known discharge, 
or vice versa, the discharge of the tributary has been either added to 
or subtracted from that indicated at the gaging station. 

3. In extending estimates from a gaging station to some fairly 
distant point downstream, with one or more important tributaries 
intervening, a combination of methods (1) and (2) has been applied. 

4. For estimates of discharge at a gaging station for periods 
during which gage-height records at the reference gage were 
missing, incomplete, or unreliable, gage heights have been estimated 
from a curve of correlation with some nearby gage for which the 
records were complete and satisfactory. This principle has neces- 
sarily been applied frequently in estimating the discharge of the 
Ohio River at gaging stations above movable dams, where the 
gages are in backwater when the controlling dams are raised. For 
example, the gaging station at Cincinnati is located only a few 
miles above Dam 37, hence the reference gage (U. S. Weather 
Bureau gage at Cincinnati) is in backwater when the wickets of 
this dam are up. Gage heights corresponding to open-channel 
conditions must, therefore, be taken from a curve of correlation 
between this gage and the one situated below Dam 37, this correlation 
having been previously established from simultaneous readings on 
the two gages during open-channel conditions. The correlation 
between these two gages is shown graphically in Figure 6 which 
is given as an illustration of the several similar curves used. 

5. In making estimates of the discharge of the Monongahela, it 
has been necessary to take the sum of the discharges of four important 
tributaries, with due allowance for proportionate run-off from the 
remainder of the watershed, since a series of permanent dams makes 
it impracticable to locate a satisfactory gaging station upon the 
main stream. 

The estimates of discharge at many points obviously lack the 
precision requisite in a finished hydrometric survey. They are, 
however, the best obtainable from the data at hand, and are believed 
to be sufficiently precise for the purposes to which they are applied. 
The estimates of mean monthly discharge of the main stream are 
considered to be subject to a probable error not exceeding 10 per cent, in 
most cases less than 5 per cent. Estimates for some of the tribu- 
taries are subject to somewhat greater errors, largely because of dif- 
ficulties in obtaining accurate gage readings. 

A list of all gages, sampling stations, tributary outlets and dams of 
the Ohio referred to in this report is given in Table No. 9, locations 
being given in miles from the confluence of the Allegheny and Mo- 
nongahela Rivers at Pittsburgh, measured along the left bank of the 
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stream at the low-water line, as siéhown on so a HS maps compiled 
by the United: States Army ath gurved Corps.? 

/ In: explanation of the terns “upper,” “lower,” and ‘middle’ as 
applied to gage at Ohio River dams, it is customary to: establish 
three gages» at. each dam. »A» temporary gage, designated as the 
middle’ gage; because of*its:location at‘ the site of the dam. itself, 
is established as the first step'in the construction of the dam. Later, 
two gages are added,’ an “upper” gage, immediately above: the 
dam, indicating pool level when the dam is raised, and a “lower” 
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gage, immediately below the dam, Andicating river stages in the 
downstream channel. 

Figure 7 shows the location of the gages, tributaries, and sampling 
stations listed in Table’9, in relation to distance from the confluence 
and to a profile of the river, the latter being taken from the Report of 
Examination of the Ohio River, by the War Department.*... Table No. 
10 lists the gaging stations upon the main stream of the Ohio, for 
which discharge estimates were made, and indicates the gain Seae 
stations to which each discharge i is, applied, as well as the method used 





2 These maps are accessible in original tracings on file at the District Engineer Ofices, United States 
Army Engineer Corps, at Cincinnati and Louisville. 
3H. Doc. No. 492, 60th Cong., Ist. sess., 1907-1908. 
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in estimating the discharge. Table No. 11 gives a similar description 
of gaging stations upon tributaries from which samples were col- 
lected, the sampling station being located in each case at the mouth 
of the tributary. : 

Gage heights and discharges recorded during 1914 and 1915.— 
Monthly mean gage heights at all gages used for any purpose 
during the period from January 1 to October 15, 1914, are given in 
Table No. 12, while Table No. 13 gives gage heights at the smaller 
number of gages used during the period from October 1, 1914, to 
December 31, 1915. Each value given in these tables is the mean 
of daily readings, taken usually at 8 a. m., though 7 a. m., readings 
were made in some cases. The mean values for the lower gages at 
Dams Nos. 1, 6, and 8 are, however, based upon eight daily readings 
at three-hour intervals. 


TasLe No. 9.—List and description of reference gages, dams, tributary outlets, 
and sampling stations on the Ohio River 





Lacstos, nee. 
in miles : 
from || 1 Tbutary yore 4] sampling Reference gage zero Remarks? 
Pitts- point of 
burgh gage! 
iG) aa Pe ee SLs i a a oe Pittsburgh Point—Weather 697. 2 
Bureau gage. 
3/E | Sampling station Noi3_2._..{2 coo. cee eee a eee een se ee 
TO es pene cose repre sere. Dam 1, upper gage.._.-.------ 690.74 | Dam completed. 
Dam 1, lower gage---.-------- 690. 6 
5. 28 |. Sampling station No. 5.1.04 leases l<dseoneeuses aoc ccns eel aeee- Seas 
0 oe ee ee eee Dam 2, upper gage__.._-.----- 683. 13 Do. 
Dam 2, lower gage_----------- 683. 1 
2 PEM el Pa ay BR ale. 9 28 Prepon lane «RS Dam 3, upper gage_-_.--------- 675. 24 Do. 
11. 81 | Sampling station No). ldescu shied 24 ne awts Sac densa eo ok neh oe 
18°€@ |i seieaeee ere el Soe Dam 4, upper gage__..-------- 667. 75 Do 
19. 1 | Sampling station No, 10.... 41045... .<. 1.3.2 2c deeces eee eee eee 
23. 12 | Sampline sialon Wea eee en ere enna eet ecce aes 
2 WR ee te TE rps oo Sad Dam 5, upper gage_._..----.--- 662, 11 Do 
25.0 | Beaver River. -¢..... 1): lawl... 2 ee eae ee 
28,8 3 | Se eS Dam 6, upper gage__.-..------ 654. 94 Do. 
Dam 6, lower gage-__....-.-_- 654. 94 
20. 5 -Sarspiiineetatioin U. 2e<-.. -lcavc- cc ose. ccecmel st ke ie coeaeenl come ees 
co i Hal oe lt b Ply wi nie Se Dam 7, upper gage__._.-..-_-- 647. 2 Do. 
Dam 7, middle gage___._.____- 649. 7 
SGC eter oe tas Lee eee terete ae Dam 8, upper gage_________--- 640. 3 Do. 
Dam 8, lower gage-_._.--__--- 637. 3 
BO Os toa ee Vee ee gene ee en Dam 9, middle gage___________ 635.3 | Dam not completed 
65.30.) Sampling station No. 65..<i.c. . 8 Se ect a ee eee 
i Naty gall Sa io Me ag aps Mon SM tn Detain Dam 10, middle gage____.___-_- 626. 2 Do. - 
he ee Se SEMEN ASO hy TAPAS Dam 11, upper gage___.__-___- 618.1 | Dam completed. 
Dam 11, middle gage__________ 619. 1 
Dam 11, lower gage__________- 615. 1 
77. 15 | Bampling station No. 77.-2..|-20-- <2 a eee 
8 ne A AN Rae OE Dam 12, middle gage_____-___. 614.0 | Dam not completed 
88.0!') Sampling station’ Noi 684 20 Ste Site et ee eat ae 
PAE Spey, BORE a eigen er SE eee Wheeling, Weather Bureau 610. 6 
gage. 
Om Aap ee OY Rey Ee “ae area Dam 13, upper gage.___-___-_- 604.0 | Dam completed. 
Dam 13, middle gage_.________ 605. 0 
: Dam 13, lower gage-_-_..___-- 601. 0 
66. 7:3 | Sampling station No) O72.1.| 202 22 72. 86 a Ye Se 
103.74. Sampling station No. 104 ote. he a a Rs why 
113, S108 fi a Ree 2 Dam 14, middle gage___..____- 595.4 | Dam not completed 
Te ee ee ee Dam 15, middle gage____.____- 588. 3 Do. 
MGS 32a ds SRLS _O: Dam 16, middle gage_________- 580. 6 Do. 
ey ee meee MCE OR be a St. Marys, W. Va., Weather |-.-.-..-.- 
167. 4 Dam 17 “middi 573.5 D 
tg eee ALI” eee et am 17, middle gage__......__ 
171.7 | Muskingum River f _ ur 


mm wm met elem wm me mee eee ee ee we ne ee ee ween [sere eseses 


1 Datum, mean sea level. at Sandy Hook, N. J. 
4Status of construction of dams in the Ohio River as of Dec. 31, 1914. 
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TaBLE No. 9.—List and description of reference gages, dams, tributary - outlets, 
and sampling stations on the Ohio River—Continued 











: : tion of 
Tributary pragy oa sampling Reference gage zero 
point of 
gage 

| PEE eee Se es Pe ee ae Dam 18, upper gage....-..-...| 564.2 

Dam 18, lower gage...----.-.- 561. 2 
Little Kanawha River-_.-...| Parkersburg, W. Va., Weather| 561.6 
Bureau gage. 

_ ot 9 SER ee SE Re” Dam 19, middle gage._...-_...] 557.2 
PIMCKING AVIV Ol $5226 ee hee ge - wee oe Se ik See Se 

bo 2 ee a ad ee ee eS Dam 20, middle gage____.--__. 550. 7 

ao a ee RB iam22, middle gages. = 5 +. 2s 

Ce eee ee eee EE ee Dam 24° middle gage____...._.| 521.6 

ae Et et 2. Be Soe ory Point Pleasant, W.Va., Weath-| 509.4 

er Bureau gage. 
RCMP Wiles ERS V Les: ccs ooee |. ok Sothct e k  e B e 

FS te fies ert Me Gallipolis, Ohio, Weather Bu- 509. 3 

reau gage. 

oe 8 ae on SEE en Dam 26, upper gage_....-...-.| 502.6 

SAT RRS i Bed: oh a ee ee Dam 28, middle gage..__.._.-.| 492.0 
Big Sandy River____..-.---- Catlettsburg, Ky., Weather 487.3 

Bureau gage. 

peel ee SAP ad Sea Dam 29, middle gage_.._...-..] 484.8 

LEE OE ag ee ae Lg. ~ to URE BO ee te on ee Se ele 
DAMNING SLALION INO .020 ron. loca sce ot es RE Se 

Dee Sess Se oe cee Ap te ha a Re ad Portsmouth, Ohio, Weather 470.9 

Bureau gage. 
Sammie Stauion ING, s00-0 1 30e. Sots OS ee: el ee ee 
Beoro Hive 2.5 (Gl. Bo sd bok cee Se re i Ae bw. 
Bempline’station No. s06se 20) A oe tack te RRS ere lest. ee 

fe ee ee ee Dam 31, middle gage.__..-....| 470.0 

We A. Se Ae ot et RE Maysville, Ky., Weather Bu- 446. 7 

reau gage. 

Lio PR 2D OP i Dam 35, middle gage___......_]. 442.8 
Baspling station. No. 461 2.7 | oes ee. RA SRA IER SS 
MAGLIO Oe ii Rivera. . ee hee eet ay ee ee ee 

(pe. ana ee Cincinnati, Ohio, Weather 429, 76 

Bureau gage. 
Pa@aimert NOR 9. <) os is Soe oe ae ek. Se ee el a re ee 
Bomepimeniation INO; 400s. 203.23. 2m Ee Be a cr ee. 
bee UL owe 255. Seen <2 See Dam 37, upper gage_..-.__.-_.} 428.8 
Dam 37, lower gage---._-_-__- 428. 8 
DeteDGShAON IND. 40e02~ loos he ~ We es. 3 ee te 
Pememimreuawonm NO) 46a: 28323. oa. oe sacs ege ccel eh. - 8 L 
Th als ft gk i SR RS ea = 2a ee a, Aa Ses + a a 
Penaimomtation Nie. 4990002038 as eh oe. Se I 
Paueplncmeuawion No. 543. 22}. 2 5 Se et a 
eeipeaen welt yen oe. os a Pe es gn cee op fan) ~~ bas 
oe Dee ee ee Ss ee Madison, Ind., Weather Bu- 403. 2 
reau gage. 
Sampuneeiation No@spepe: 142 ou. ee ee ee 

2-2 BE Sok. Se ee ae Louisville, Ky., Weather Bu- 403, 0 

reau gage. 

eee a tee ne. er ees Dam 41, upper gage....-.....-] 403.0 

Dam 41, lower gage-..______-- 376. 06 
RMAIIplitie LAO ING, Ginste arse Cat I Be 8, ae we gs Pe es es a 
Bara plitie Stanon ING. Oise. gies 8s eae MT a Se oe L 
eis Sa, + ee ee Cloverport, Ky., Weather Bu- |____..__-_- 
reau gage. 
AECOGrY Pe U ORS tae age aie te ah Barwes AW we ae SE een oe 8 Se ee oe oe 
eB. Tp MB ar MSY 1 es areas ay ee Evansville, Ind., Weather 329, 2 
Bureau gage. 

6 ES tee BS oy 5 a RE Henderson, Ky., Weather Bu- 327. 4 

reau gage. 

Sa, Sa 2 ER eS Dam 48, middle gage____.._...] 325.1 

Sam: See ge ~ A ee ee Mount Vernon, Ohio, Weath- 315. 4 

: er Bureau gage. 
RVG@DOSHeRI VON? 5. oo Be se eo ee ae ES Sg cles a nsse- 

Boe = 2) eee Shawneetown, Iil., Weather 309. 3 

Bureau gage. 
Hampling station No, 9082. | 2.0... Se. kes a EBL 
CeDeratrh ea Cer... .! Fe. | Gea ae ee. cs Re elt 
Sanipuem Station. No, 920% .| 0.0) = G7. <.5..-g) 2.2. Se -.| gk 
@ OnNnceseerna Vers « So _|se- 8 os oe - 9, a oe els IS. oS 
Poe eee oie 2 oe Paducah, Ky., Weather Bu- 286. 3 
reau gage. 
Peni SUNCiT ING sooo te (oe tn de eee se 
Sampling station No. 933__._|_-. {eee eS ee. a ec 
Gorin SbAtion IVO.005.0. [25.3 oe oe eek Ah 


pecuth Gr Onio River soe =. |S. 85. ee a ee ee ee 


Remarks 


Dam completed. 


Dam not completed. 


Do. 
Do. 
Do. 


Dam completed. 
Dam not completed. 


Dam completed. 


Dam not completed. 
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Tables Nos. 14 and 15, respectively, show, for the same two 
periods, the monthly mean discharge, in second-feet, of the Ohio 
River at points essential to this study, and of those tributaries from 
which samples were taken, also of the Wabash River from which 
no samples were taken. In Tables Nos. 16 and 17 the monthly 
run-off from designated portions of the Ohio watershed, and from 
the watersheds of the same tributaries, is given for the same two 
periods in terms of the depth in inches to which each drainage area 
would have been covered had all the water flowing from it in each 
month been conserved and uniformly distributed over its surface. 
The values given are derived directly from those of Tables Nos. 14 
and 15 using basin areas obtained largely from data published by the 
United States Geological Survey,‘ as given in Tables Nos. 2 and 3, 
Section I. a 
TaBLe No. 14.—Monthly mean discharge, in thousands of second-feet, of Ohio 


River at designated points and of certain tributaries at their mouths (Jan. 1 to 
Oct. 15, 1914) 


Discharge in thousand second-feet 





Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct: 


1-15 
Ohio River 

At Pittsburgh, Pa___...--- 38. 8 42. 2 57.2 79. 2 42. 2 9.88 | 5.38} 3.73 L37 |" 4.67 
Below Beaver River------ 46. 9 46. 0 65. 3 91.0 49.7 {10.2 5.84} 4.09] 3.76] 1.91 
At East Liverpool, Ohio__| 48.6 50. 6 70. 9 98. 2 625 | 10.3 6.00 | 4.23 | 3.92] 9299 
At Wheeling, W. Va__.--- 47.0 56. 8 71.4 | 109.0 55°7,/-) J053 6.63 | 4.65] 4.50] 2.47 
Between Dam 14 and 

Muskingum River------ 48, 4 59.7 73.5 | 114.0 56.8 | 10.6 7.04 | 4.93] 4.86] 2.47 
Below Little Kanawha 

Riverton eee 59.0 76. 4 88.2 | 151.0 66.1 | 12.9 9.63 | 6.90} 7.40] 2 54 
Between Hocking and 

Kanawha Rivers_._----- 61. 5 79. 5 91.8 | 157.0 68.8 | 13.5 | 10.0 7 18.) ted del eS 
Below Kanawha River____| 85.8 | 117.0 | 116.0 | 185.0 85.8 | 16.0 | 14.9 9.78 |} 11.4 3.79 
Above Scioto River-_-_.--.- 90. 8 138.0 | 133.0. } 210.0 101.0 17.9 16. 4 11.8 13.7 4.44 
Below Scioto. River-_-_---- 95..8. .| 152, 2 —}152.1~},22752 | 108.0; | 48:9 | 17.1 | 3128 4145 4.93 
Above Little Miami River_| 94.9 | 156.1 | 147.7° | 237.1 | 120.0 {19.8 | 18.7 | 13.9 117.1 y ae | 
Below Little Miami River_| 96.3 | 159.8 | 153.2 | 242.3 {1220 | 20.0 |18.9 |145 117.3 7.45 
Below Licking River__.__- 99.7 | 173.0 | 160.0 | 248.0 | 126.0 | 21.0 | 19.0 | 15.2 117.5 8. 41 
Below Miami River____--- 103.3 | 181.7 | 174.5 | 262.3 | 130.4 |} 22.2 | 20.0 116.5 | 18.3 9. 06 
Above Kentucky River___| 104.8 | 184.5 | 177.0 | 266.5 | 132.3 |22.5 | 20.3 | 167 1186 9.19 
Below Kentucky River.-.-| 108.4 | 196.2 | 185.2 | 278.9 | 187.5 | 23.9 | 21.1 | 17.9 | 20.1 110.4 
At Louisville, Ky_...-_--- 108.0 | 221.0 | 192.0 | 297.0 | 147.0 | 28.8 | 23.1 | 18.3 | 20.9 7. oF 
Between sampling station 

619 and Green River_---}.113.3 | 232.0 | 201.0 | 311.5 | 154.3 | 30.2 | 242 119.2 | 219 7.97 
At Evansville, Ind_._.-. | 122.0 | 260.0 | 217.0 | 341.0 | 185.0 | 37.7 | 26.3 | 22.4 |328 |19.9 
Below Wabash River. ---- 133.8 | 290.5 | 269.5 | 408.8 | 210.C | 46.6 | 30.8 | 26.4 | 37.3 | 23.7 
Below Cumberland River_| 139.4 | 320.7 | 293.8 | 481.6 | 235.3 | 51.1 | 38.8 | 33.3 | 44.2 | 27.0 
Below Tennessee River_-.-| 162.8 | 383.0 | 347.7 | 607.6 | 279.3 | 68.2 | 58.0 | 50.9 | 60.1 | 39.3 

Tributaries of Ohio River 

at their mouths 

Allegheny River_....-..-- 21.8 25. 6 37.0 48.1 32.8 6.53 | 3.46] 1.66] 2.25 . 84 
Monongahela River-_-_-_-_-- 20. 2 18. 4 23.3. | 32.6 8.96 | 2.85 | 3.66) 2.05 - 96 . 54 
Beaver River. —....-----.- 8.12 3. 96 8.09] 11.8 7. 48 . 85 . 46 . 36 . 39 . 24 
Scioto’ River 2%. x. .2...8 5.05 | 14.2 19.1 17.2 6.95 | 1.00 73 . 96 . 81 .49 
Little Miami River. -_____- 1. 41 3. 68 5. 47 5. 16 1. 83 .18 .19 . 55 . 16 - 24 
Licking: River. 222 3.377(7 13,2 6. 83 5. 67 4.00} 1.03 11 . 74 a2 . 96 
Miata River: 4.5. Seo 3. 65 8.72) 14.5 14.3 4143 (10264) TOO on oe . 84 . 65 
Kentucky River. .___-.-_. 3.68 |° 11.7 8.56 | 12.8 5.16 | 1,42 O44) 215 4+ E68 a 
Wabash River. 2. 000 11.8 30. 5 52. 5 67.8 25. 0 8.87 | 4.53 | 4.02] 4.54] 3,82 
Cumberland River ee ee 5.64 | 30.2 24. 3 72.8 25. 3 4.54] 8.00| 6.88] 6.84] 3.32 
Tennessee River.___...--- 23. 4 62. 3 53.9 | 126.0 44.0 |.17.1 {192 | 167 115.9 | 123 
eae Sen Ds DIE Ne a Ra LF. Ge Rat ib tm an wo Se Rt eel. oan aoe lea TR 


4U.8S. Geological Survey, Water Supply Paper 353, p. 257. 
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Taste No. 15.—Monthly mean discharge, in thousands of second-feet, of Ohio 
- River at various points, and of certain tributaries (Oct. 1, 1914, to Dec. 31, 1918) 





Discharge in thousands of second-feet 








1914 1915 

e/a ja.) Ble} s ela.| sla. |; 
$ 38/52] 2 281818) 8| 8] 2| # |e] s 154/83 
Oo1Z JA IS ie Patty als | 6] <4 la 7am Aa 


——————_$ | ——— | ————— | ———_—$ | | | qcxc—\—. | ——————__s |__| | | ———_ | 


Ohio River’ above } 
Little Miami River_-| 12.7) 11.4] 81. 1/171. 9/223. 0) 79. 4) 40.0} 50.9) 69. 5} 66.3) 50. 2} 48.2) 66. 2) 53. 2/125. 0 
Ohio River above Lick- 


my River. ..._.. 4. 13, 3} 11. 6] 82. 1)174. 5/234. 4; 79.9] 40. 2) 51.5] 70.8) 67.8} 52. 2! 50. 8! 67. 5} 54. 2/132. 2 
Ohio River below Lick- 

me River. 3.21.4 16. 9! 11. 8} 88. 2)183. 8)245. 1) 84. 2| 41.6] 56. 0] 74.8) 75. 2; 54.8) 52.0) 70.4) 58. 6/149. 0 
Ohio River below | 

Miami River-_-.._---- 18.1) 12. 6] 90. 4)187. 7/262. 9| 87.2); 43. 5) 58.8] 79.0) 86.5) 60. 2) 58.4) 75.0) 62. 0)155. 6 
Ohio River above Ken- 

tucky River__.-__.-- 18. 4] 12. 8] 91. 8)190. 5)266. 8) 88. 5} 44. 2) 59. 7) 80. 2) 87.8} 61.1) 59.3) 76. 1) 62. 9)157. 9 
Ohio River below Ken- 

tucky River _._..._-| 22.2} 13.1] 99. 1/203. 7/279. 1) 95. 5) 46.9] 63.4) 85. 6} 97. 2)65. 4! 61.1) 81.4) 70. 0/191. 9 
Ohio River at Louis- ; 

Wille, Ky. 4.5,32..4 22. 4; 12.31 96. 5/221. 6/309. 1) 98.8] 48.3! 63.8) 94. 11102. 5) 66.4! 61. 5] 85. 1) 72. 9/201.0 
Tributaries . of | Ohio 

River 


is . 
Little Miami River at 


MMOUGH 2 cies cast fart . 62). . 15) 1.03) 2.61}11. 50) .63) .28) .61) 1.31) 1.54) 2.06) 2.60) 1.33) . 91] 7.18 
Licking River at mouth} 3.60} . 23) 6. 10} 9. 26/10. 64| 4.21) 1.36} 4. 50) 3.96! 7.37] 2.58) 1. 26] 2. 86] 4. 43/16. 84 
Miami River at mouth} 1. 24) .78) 2. 16) 3. 89)17. 76) 3.03) 1.90) 2.84) 4. 23)11.30) 5, 44) 6.40) 4.63) 3,41) 6. 58 
Kentucky River at 

3..76| 5.42) 9.45) 4.28) 2.26) 5.30) 7.06/34. 00 


month Sos oe 3.85). 34) 7, 32)13, 20/12. 30) 7.02) 2. 74 





TABLE No..16.—Total monthly run-off, in inches depth, of Ohio River Basin. above 
various points, and of certain tributary basins (Jan, 1 to Oct. 15, 1914) 





Run-off-in inches depth 





Basin Area ; ' ' Oct 
Jan. | Feb. | Mar.| Apr. | May | June} July | Aug. | Sept. bon 


| | ff | a | | a | | 


Ohio River above 


Sq. miles 

frispurgh, Ps 23 | 19, 020 | 2.35 | 2.31.| 3.47 | 4.65 | 2.56 | 0.55 | 0.33 | 0.23 |.0.201 0.05 
East Liverpool, Ohio__._____. 23, 440 | 2.40 | 2.25 | 3.48 | 4.68 | 2.58 49} 30). 24 19 05 
Wheeling, W: Va..- 27: 24, 980 | 2.17 | 2.36 | 3.30 | 4.86 | 2,57 46} .31 21 20 06 
Point midway between Dam 

14 and Muskingum River_-|. 26,700 | 2/00 | 2.33 | 3.17 | 4:76 | 2.46] .44] .30] .21] .20 . 05 
Little Kanawha River !_____- 37,950 | 1.79 | 2.09 | 2.68! 4.43) 2,01) .36] .29 21 22 04 
Point between Hocking and 

Kanawha River-:...-.2.__- 39, 500 | 1.80 | 2.09 | 2.68 | 4.48 | 2.01 38} .29] .21 22 04 
Kanawha River?.__.2222 22 2. 52, 690 | 1. 88'} 2.31 | 2.54) 3.92} 1.88} .34 $3772.21. 24 04 
Scioto River 2._2.____- Bey 8 62, 320 | 1. 71 | 2.34 | 2. 50} 3.82 | 1.89 33 -|- «81 12322 25 04 
Little Miami River 2_-______- 70, 950. | 1. 54 | 2. 29} 2.40 | 3.73 } 1.95 31 | 230} .23 27 06 
Licking River 1... i.2......_] °76,320'} 1.51 |} 2.36 | 2. 42 | 3.63 | 1.90 SL [229 O23 26 06 
Mijami‘Riven? ii. 2o 522 81, 990'| 1. 56 | 2.47 | 2. 63'| 3.81 | 1.96 82-}-- «30 12925 27 06 
Kentucky River ?_____.__.__- 83, 130} 1. 45°} 2.31 | 2.45 | 3. 57 | 1.83 30 | -.28] .23 25 06 
Mouisvillé, Kiy_S_.. 2 =. 43k. 91,190 | 1.36 | 2.52 | 2. 43 | 3. 64 | 1.86 35-|- «29-1 --.'23 26 04 
Evansville, Indv_._.-...__--2_._| 107,100 | 1.31 | 2. 53. | 2. 34 | 3. 56 | 1.99 39} .28) £24 34 ll 
Cumberland River__.__-___-- 144, 000 | 1.08 | 2.10} 2.16 | 3.06 | 1.68 36 24°) 321 29 09 
Tennessee River ?_______-___- 161, 900 | 1.05 | 2.20 | 2.22 | 3.53 | 1.79 38 30 f*:/25 32 10 
Tennessee River !__..2.--._.- 202,700 | .92 | 1.97] 1.98 | 3.35159] .38 33 | .29 33 11 
Tributaries of Ohio River above 
+ mouths ’ “ 

Allegheny River_.........-... 11, 680 | 2.21 | 2.35 | 3.76 | 4.73 | 3.33 | .64] .35| .17 22 . 04 
Monongahela River -.....--2- 7, 339.| 3.17 | 2.61 | 3.66 | 4.95} 1.41 43) .58 32 14 . 04 
Beaver River._.....)..-.-. La 3, 140] 2.99} 1.31 | 2.97 | 4. 20 | 2. 74 32 -}- 0 17>} 98 14 . 04 
Scioto River___._._- eee a 6,410 | .97 | 2.31 | 3.44 | 2.99 | 1.29 17} 213-|-.-T? 14 . 04 
Little Miami River........_.- 1,714 | .97 | 2.28 | 3.76} 3.42 | 1. 26 12 1Z-S248 10 . 08 
micking River. ....2..-..1-.. 3, 636 | 1.07 | 3.78 | 2.17 | 1.74 | 1.27 31 03 P4723 07 .14 
Miami River. 2.220.225.2222. 6,410} . 78} 1.68 | 3.10) 2.96} .95] .26 21-}-~ 27 E17 07 
Kentucky River....2.....-..- 6,912 | .60| 1.76 | 1.37 | 2.00} .86 14} .20 25 .10 
Wabash River... _..2..---2.2. 32, 890 42|\..97 | 1.84 |'2.30} .88| .31] .16/)-.14] .08 a 
Cumiberland River_<_.-_.._2. 17,860 | .36:) 1.76 | 1.57 | 4 55] 1.64] .28) 1.52) °.44) .43 wll 
Tennessee River._....2.--/.-- 40,740 | .66 | 1.59} 1.52 | 3.46] 1.24:) 1.47] .54]-.47) «44 7 





_ UIncluding designated tributary. _ -_—_—* Excluding designated tributary. 
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Taste No. 17.—Total monthly run-off, in inches depth, of Ohio River Basin above 
various points and of certain tributary basins (Oct. 1 ¢ 1914, to Dec. 31, 1916) 
















Run-off in inches depth 

1914 1915 
Basin Area S18 % s B18 
Silalalel sie elalslele2 
$/5/8/8\4 EISIBISI8 E1813 18 
O14ZIAlSlelealalalelsialalol2aia 


a fm ff | ff ff | J | 


Ohio River above Little . miles 
Miami River !___-------- be 70, 950|0. 21/0. 181. 31)2. 79/3. 27/1. 30/0. 62/0. 83/1. 09/1. 07/0. 82/0. 76/1. 07 


Ohio River above Licking 


. 84/2. 03 


River 2. gles. 2S ee 76, 320} . 26} . 17/1. 20/2. 78/3. 38/1. 27) . 61) . 86/1. 08/1. 14) . 83) . 76/1. 06) . 89/2. 25 
Ohio River above Miami j 

River i320 220s ote este 81, 990} . 25] . 17)1. 152. 64/3. 34/1. 22) . 59) . 83/1. 07)1. 22) . 84) . 79/1. 06} . 85)2. 19 
Ohio River above Ken- 

tucky River #. 2.2/2... 90, 040} . 28) . 16/1. 26)2. 60/3. 23/1. 21) . 58) . 81/1. 06)1. 23) . 84) . 76/1. . 87/2. 46 
Ohio River above Louis- a 


Wines WY. seb sone dine 91, 190) . 28) . 15)1. 34)2. 80/3. 53/1. 26) . 59} . 81/1. 15)1. 29) . 84) .75)1. 07) . 89/2. 54 
Tributaries of Ohio River 


Little Miami River above 


rate Fee ee, EN earns | 1, 714) . 43) . 10) . 71/1. 79)7. 39) . 43) .19) . 42) . 87/1. 06/1. 42/1. 73) . 91) . 60/4. 93 
Licking River above 

moth. 235.053.» ude os 3, 636/1. 14) . 07/1. 94/2. 94/3. 15}1. 34) . 42/1. 43/1. 22/2. 34) . 82) .39) . 91/1, 36/5. 34 
Miami River above mouth- 5, 410} . 26] . 16) . 46} . 83/3. 56) . 65) . 39) . 61) . 87/2. 42/1. 16/1. 33) . 99) . 70/1. 41 
Kentucky River above 

Wisi Do oacacse ees 6, 912) . 64 - 06/1. 22)2, 19)1. 92/1. 16) . 44) . 63) . 88/1. 58] . 71) . 36) . 88/1. 1415. 67 


1 Excluding designated tributary. 1 Including designated tributary. 


Proportionate contributions of various tributaries to discharge of main 
stream.—The estimated contribution of each tributary of known 
‘discharge to the volume of water passing Pittsburgh, Cincinnati, and 
Louisville, respectively, in each month of the period January 1 to 
October 15, 1914, is shown in Table No. 18, while Table No. 19 gives 
similar estimates for the water passing Cincinnati and Louisville 
from October 1, 1914, to December 31, 1915. 

TaBLe No. 18.—Percentage of total discharge of Ohio River at various points con- 
tributed by various subdivisions of the watershed (Jan. 1 to Oct. 15, 1914) 
[Monthly mean values] 







Percentage of total discharge contributed 
Drainage 
area 

















Oct. 


Jan. | Feb. | Mar.| Apr. | May | June | July | Aug. | Sept. 1-15 






Sq. miles 










Ohio River at Pittsburgh___. 19, 020} 100. 0} 100. 0} 100. 0} 100. 0} 100.0} 100.0 100. 
Allegheny River__-......- 11, 680} 56.2) 60.7) 64.7) 60.7) 77.8) 69.7 44. 
_Monongahela River ___-.- 7,339} 43.8] 39.3) 35.3) 39.3) 22.2) 30.3] 365. 55.5 49.6 
Ohio River at Cincinnati-_-__- 76, 320} 100. 0} 100. 0} 100. 0} 100. 0} 100. 0} 100. 0} 100. 0} 100. 100. 0 
Allegheny River... .. i932 11,680} 21.9) 14.8) 23.1) 19.4) 26.0) 31.1] 18. 11.0 10.0 
Monongahela River- --..- 7,339) 20.3) 10.6; 14.6) 13.2) 7.1) 13.6] 19. 13.5 6.4 
Beaver River-...._......- 3,140) 82; 23) 5.1) 48) 5.9) 41) 2 2.4 2.9 
Scioto River... jvc... 22. 6,410) 5.1) 82) 120) 69 5.5 48) 3. 6.3 5.8 
Other drainage areas 
above Little Miami 
Ba ee ee ae Pe 42,381) 39.7] 654.4) 37.5) 51.3] 50.8] 40.6] 54.2) 58.3 60. 6 
Little Miami River..____- 1,714, 1.4) 21) 34) 21! 15} .9} 10 36 2.9 
. Licking River. ......-.... 3, 636} 3.4) 7.6) 43) 23 3. 4.9 : 4.9 11.4 
Ohio River at Louisville. ____- 91, 190) 100. 0} 100. 0} 100. 0} 100. 0} 100. 0} 100. 0} 100. 0} 100. 0 100. 0 
Allegheny River isc... do. Hy 20. 2} 11. 19.3} 16.5) 22.3) 22.7) 15. 9.1 11,2 
Monongahela River-____- 7,339} 18.7) 8.3) 12. 11. 61; 99) 15.8 112 7.2 
Beaver River...-......... 3,140} 7.5) 18) 4. 4. & 1s 13..0h, 2. 2.0 3.2 
Scioto River_._...._.._._- 6, 41 4.71 6.41 10.0) 5 4.7), 3.5 3 5.2 6.5 
Other drainage areas ‘ 
above Little Miami 
REVO. oh nd ns eH 42,381) 36.8) 42.4) 31.2) 42.6) 43.3] 29.4) 44.9) 49.0 28.1 
Little Miami River__.____ 1, 13) 1p. 28 Lip La 6). 3. 0} 2.8 
Licking River. -........... 3, 3.1) 6.; 3. gh 2.7) 3.6 4.0 16.1 
Total above Miami River. -_- 76, 92.3) 78.2} 83. 83. 5} 85.4) 72,7) 82. 83. 5] » T5e1 
Miami River. .....--._-.- 5, 3.4) 4.) 7. 4.81 3.0) 43) 4. 6. 5.5 
Kentucky River....__..__ 6, fe | ae S| 4.3) .3..6}... 4.9)... 3. 6. 17.2 
Not accounted for.....__- 2, 4 125 4, 7.4, 8&1) 181) 9 3. 2.2 
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The relative influence of various tributaries upon the discharge of 
the main stream, as shown in these tables, is, in general, closely 
proportional to their’ respective drainage areas, though this rela- 
tionship is modified at times by variations in the run-off from differ- 
rent areas. Thus, from month to month the proportionate contribu- 
tions of given tributaries to the discharge of the Ohio vary con- 
siderably; and, for shorter periods of a few days, the influence of a 
single tributary or group of tributaries may be greatly exaggerated. 
For example, a sharp rise in the river early in February, 1914, was 
caused largely by a freshet in the Allegheny Basin, while the next 
rise of consequence, in the latter part of the same month, was due to 
unusual run-off from the Monongahela and probably other tributaries 
draining the West: Virginia-Kentucky region. Most of the major 
_freshets of the Ohio result from heavy run-off over wide areas, 
though a few floods, such as the disastrous one of 1913, have been 
caused by excessive precipitation over rather limited areas. 

By far the largest tributaries of the Ohio are the Cumberland and 
Tennessee, the combined discharge of which, during short periods, 
sometimes exceeds that of the Ohio above thein. Thus, in July, 
1914, due to a temporary rise of these two streams, their ‘discharge 
was for a few days over twice that of the Ohio at Hransville 


ESTIMATES OF VELOCITY 


Methods employed.—The problem of estimating velocities in a stream 
of such size and length as the Ohio River presents many difficulties; 
and various methods were carefully considered before the one finally 
applied was adopted. Direct measurements of velocity by means of 
floats were made in several stretches of the river, partly as a test of 
the practicability of this method and partly as a check upon the 
results obtained by other methods. - It was, however, clearly evident 
that float measurements sufficient to afford satisfactory estimates 
applicable to the whole length of the river through a wide range of 
gage heights, would require many months of laborious field work at great 
expense, and that this method was unsatisfactory in other respects. 

In the absence of other more suitable methods, estimates made by 
applying modifications of the well-known Chezy formula would have 
been applicable, since the hydraulic radius and slope of the Ohio 
in various stretches are fairly well determined, and proper values could 
be assumed for obtaining the Kutter or Hazen-Williams coefficients. 

However, it was not necessary to resort to the Chezy formula, 
since detailed topographic maps of the river bed, from which any 
desired cross section could be plotted, furnished the data required 
for application of the popewlag 


vag in wich 


V=Velocity of flow, in feet per second; 
Q=Quantity of discharge, i in cubic fect per second; 
A= Area of cross-section of flow, in square feet. 
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Given the discharge of the river at two successive cross sections, the 
application of this formula requires only a determination of the 
cross-sectional area of flow (‘‘A’’). This is quite simple in the case 
of water flowing in a conduit of uniform and regular cross section; 
but presents some complications in the case of a stream like the 
Ohio, where the natural channel is constantly changing in contour 
and is modified at times by the raising of dams. The method 
described below, though’ based upon simple and well-known prin- 
ciples, has not previously been applied so far as known to us to es- 
timating velocities in such a stream as the Ohio. 

As the first step in the procedure, the river was divided into a 
series of 72 consecutive prisms, extending from Pittsburgh to the 
lowest sampling station below Paducah, 933 miles from Pittsburgh. 
For obvious reasons, the limits of a prism were taken at: 

(a) The mouth af an important tributary, introducing an abrupt 
change in the discharge factor. 

(6) A dam, making an abrupt change in cross-sectional area of 
flow. 

(c) A sampling station, as a point to and from which times of 
passage must be determined. 

In calculating the mean. cross-sectional areas of flow of each prism, 
a number of cross sections, sufficing to fairly represent all important 

changes in the channel, were selected from the topographic maps ® 
and plotted upon cross-section. paper. The cross-sectional areas 
_ lying below successive elevations of water surface at 5-foot intervals 
were then measured by planimeter, and from these measurements 
mass-area curves were drawn, showing, for each section, the relation 
_ between elevation of water surface and cross-sectional area of flow. 
From these curves tables were made, showing for each prism the | 
areas of all sections below each elevation. A weighted average cross- 
sectional area for each prism, below each given elevation was then 
obtained, the area at each cross section being weighted by the dis- 
tance (in miles) between it and the section next above. From the 
weighted average areas.a single mass-area curve was then con- 
structed for each prism giving the mean cross-sectional area of the 
whole prism corresponding to varying elevations of water surface. 
__ The mean cross-sectional area of flow in the prism at each eleva- 
tion of the water surface could, however, be obtained from such a 
curve only in case the water surface throughout the prism were level, 
a condition which exists only in pools. It was necessary, therefore, 
to correct the areas for slope of water surface, determined by a study 
of the differences in elevation at successive gages at different river 
| stages. Comparing each gage with the one next above and the one 
next below, curves were © consaraoted showing the correlation between 





fi 


| 6 The topographic maps used were those on file in the offices of the district’ engineers of ‘the U.S. Army 
| Engineer Corps at Cincinnati and Louisville, which were made available through the courtesy of the 
| ‘Officers i in charge. 
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simultaneous readings at each pair of gages. The elevation of the 
zero point on each gage above a common datum ® being known, 
the relation between gages was readily translated from terms of gage 
heights into terms of water-surface elevation above this common 
datum, and profiles.of the water surface at different river stages 
plotted. In plotting such profiles, the assumption was made that the 
slope between two successive gages is a straight line, an assumption 
which, though not literally true, is a close enough approximation for 
all practical purposes, since deviations above and below a straight 
line in the actual profile are probably compensating, convexities of 
the profile during rising stages tending to balance concavities during 
falling stages. 

From these profiles, indicating directly the mean elevation of 
water surface in each prism at various readings of the reference gage, 
corrected mass-area curves were drawn, showing the mean cross- 
sectional areas of flow in each prism for various gage heights. The 
discharge and mean cross-sectional area of flow corresponding to the 
observed gage height in each prism being known, the corresponding 
mean velocity of flow could then be calculated from the relation, 


-2 previously noted. Then from mean velocity of flow within 


a prism and the distance between its terminals the corresponding 
time of passage of water between the upper and lower ends of the 
prism was computed, in terms of hours or days, and times of passage 
between any two points on the river determined by summation or 
prorating of these intervals. For convenience in application, curves 
were drawn, showing directly, for each prism, the relation between 
gage height at the reference gage, mean velocity of flow, and time 
of passage. 

In estimating the cross-sectional area of a prism consisting wholly 
or chiefly of a pool located above and controlled by a dam, the pro- 
cedure differs from that described, since the water surface during 
pool stages, that is, when the dam is raised, is practically level and 
is so considered. Also, in such case, the reference gage must be 
located in the pool itself. Hence, in those prisms terminating in 
dams it has been necessary in actual calculations to differentiate 
between periods of ‘open channel,’”’ when the dams are not in use, 
and ‘‘pool stages,’’ when the wickets of the dams are raised, in 
accordance with records of actual maneuvers of each dam during 
1914 and 1915, as furnished by the several district engineer officers in 
charge of these dams. : 

As to the precision of the final estimates, it is extremely difficult to 
form a judgment of their probable error. Estimates of velocity 
are derived from two factors, independently determined, namely, 
discharge and cross-sectional area of flow. As has already been 
pointed out, it is believed that estimates-of monthly mean discharge 





6 Mean sea level, Sandy Hook, N. J. 
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_are subject to a probable error not exceeding about 10 percent. It is 
difficult, without an extensive analysis of the base data, to judge 
whether the error in estimates of cross-sectional areas of flow is 
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generally greater or less than this; but careful study of channel 
sections taken at short intervals shows a rather surprising uniformity 


in areas of flow, notwithstanding changes in the shape of the channel; 
95404 °—24¢——_5 
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and in shorter prisms the deviation of individual cross-section areas 
from. the mean is surprisingly small, all of which indicates that 
estimates of mean cross-sectional areas are fairly precise. 

The error involved in the assumption that the slope of the water 
surface in prisms is'a straight line is variable. At low river stages the 
actual water surface profile is irregular, approaching more closely the 
shape of the stream bed profile, while at high stages the water profile 
is more nearly a straight line, though, as is well known, there is a ten- 
dency toward convexity with rising and concavity with falling stages. 

On the whole, while it is impossible to directly evaluate the errors 
in final computations of velocity and time of passage, it would appear 
that the estimates are of precision roughly comparable to that of 
discharge measurements and of the analytical and field survey records 
with which they are correlated. 

Velocities and times of flow as estimated for 1914 and 1915.—Table 
No. 20 gives monthly mean velocities of flow in miles per hour 
between successive sampling stations in use on the Ohio for the 
period January 1 to October 15, 1914; and Table No. 21 gives veloci- 
ties between a smaller number of stations by months from October 1, 
1914, to January 31, 1915. Corresponding monthly mean times of 
flow, in hours, between the points designated in these tables are 
shown in Tables 22 and 23, respectively. — 


Taste No. 20.—Monthly mean velocity, in miles per hour, of the Ohio River be- 
tween consecutive sampling stations (Jan. 1 to Oct. 15, 1914) 


[One mile per hour = 1.467 feet per second] 





River stretch to which velocity Mean velocity of flow in miles per hour ; 








applies 
Limits 1914 
(sampling 
stations) 
Laboratory covering |_ i ev ne 
stretch Db is Q oa 
L 2) sil sire 4 | 8 | 4s 
— ea Loe 
eid) 1a |e] 818 | 34 814184 els 
Srey a teil ow lie ole & | at] alo 
Miles 
Pittsburgh, Pa--.-._- 0 3 | 3.1] 1.48 | 1.63) 2.07 | 2.38 | 1.48] 0.34 | 0.19 10.13 | 012] 0.06 
P60: 8 2G bt We 3 11] 86] 1.76 | 1.87 | 2.33 | 2.61 | 1.69 34,1, .20.) 1B} Lie . 06 
W0f! tee ee 11 19 | 7.3] 1.59 |] 1.70 | 2.03 | 2. 28 | 1.70 401 DB) sand apaskedk . 07 
Do... toe See 19 23} 4.0112. 23: 12,136. }-2,.67, | 2. BZ. 1.2. 23 62]. '.28} .19 1.418 . 09 
Ms et ee 23 20°] 6.2 |' 2:48 | 2/58 ['2. 95; | 3.10 1 2.58: 161 | | a4 oo oo ii 
NORG..242.h2- sees 29 65 | 36.0 | 2.90 | 2.88 | 3.43 | 3.53 | 2.90 | 1.02 | .67 .40 | .30 ray | 
Wheeling, W. Va___- 65 77 |.11.9 | 2.29 | 2.59 | 2.84 | 3.13 | 2.48 . 48 . 30 .21 , 21 .10 
Do. {asta 77 88 | 10.8] 2.20 | 2.70 | 2.77 | 3.00 | 2.51 ei AT: 4 ate by be 15 
0. oe 3 ee 88 97 | 87] 2.18 |.2.64 | 2.72 | 2.90] 2.42] .63 .06 | 20> - £26 .14 
Dos bea ts 97 104} 7.0) -1.89 | 2.26 | 2.50 | 2.92 | 1.95} .54 | .32] .22]) .22 #12 
INOMG... ok. eae. ee 04 | 349 |245.0 | 2.39 | 2.42 | 2,82 | 3.13 | 2.54] 1.01 ~O0 | . Ge | op 66 .35 
Portsmouth, Ohio___} 349 | 355 | 6.0} 2.22 | 2.50 | 2.40 | 2.73 | 2.31 | 1.28 | 1.25 | 1.07 | 1.15 .be 
Ons Ba eee bre 355 | 358] 2.8 | 2.34 | 2.80 |] 2.80 | 2.80 | 2.34] 1.56 | 1.56 | 1.48 | 1.56 1. 08 
None Sere 358 | 461 |103.2 | 2.59 | 2.84 | 2.93 | 3.01 | 2.69 | 1.63 | 1.60] 1.37} 1.51 1. 00 
Cincinnati, Ohio____]° 461 475 | 13.6 | 2.30] 2.89 | 2,78 | 3.16 | 2.521 .85| 4731 .581..67 31 
OA bre eee 475 | 482] 7.3] 2.03 |] 2.56 | 2.48 | 2.92] 2.28! .63] .541 .44] .50 25 
1 Ys eke de ce, oe 482 | 488] 5.9] 2.18 | 2.68 | 2.68 | 3.10] 2.46] 1.00} .95] .84] .91 59 
OS tn: eee 488 | 492] 4.2] 2.47) 3.00] 3.00] 3.23 | 2.80] 1.31 | 1.27 | 1.20] 1.20 91 
A Wo pegapnaracamimnarng Spee 492 543 | 50.9 | 2.24 | 2.68 | 2.76 | 3.16 | 2.40] .83 ~f4] .65 te 39 
None Sack ad ge 543 | 598 |} 54.5] 1.69 | 2.38 | 2.471 3.07]2.08] .65]| .52| .42] .48 18 
Louisville, Ky_-.___2 698} 611 | 13.2 | 1.61 | 2.54] 2.32] 2.81 |2.00] .58] £46] .38] .43 17 
OFFS nee 611 | 619 | 7.7] 2.20] 2,85 1:2. 7544 3.08 |. 2.4811.17 |] 991 .85 ) 94 46 
Nonelivioifdil we 619 | 904 /285.0 | 1.99 | 2.62 | 2.51 | 2.91 | 2.16 95} .80] .71] .78 41 
Paducah, Ky_.-_32_. 904 | 920 | 17,5 | 1.99 | 2.46 | 2.27} 2.50] 1.99] 1.00] .85.| .87] .97 81 
TALIS fib c -920°} 926} 5.3] 1.47] 2.12 | 2.02 | 2.52] 1.71 .78 | .82]° 280 70 
DB. Beek hie 926 | 933 | 7.6] 1.73 | 2.54 | 2.30 | 2.92 | 1.95 93 88 | .88] .90 74 
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designated points, Pittsburgh. to, Cincinnati, and between consecutive sampling 


TasBuLe No. 21.—Monthly mean velocity, in. miles per hour, of Ohio River between 
stations, Cincinnati to Louisville (Oct. 1, 1914, to Dec..31, 1915) 





Mean velocity of flow in miles per hour 


River stretch to which velocity 
applies 
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TaBLe No. 22.— Monthly mean time of flow, in hours, of the Ohio River between 


,» with group summaries for designated stretches 
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(Jan. 1 to Oct. 15, 1914) 
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Taste No. 23.—Monthly mean time of flow, in hours, of the Ohio River between 
designated points, Pittsburgh to Cincinnati, and_ between consecutive sampling 
stations, Cincinnati to Louisville (Oct. 1, 1914, to Dec. 31, 1915) 





Mean time of flow, in hours 
River stretch to 
which time of 











flow. spaiiee 1914 1915 
Limits 
(sam 
pling 
sta- 
Laboratory | tions) 
covering A =: bs 
stretch LAT 8 gant a1.13 FE 
| 4 |.2 1-8 | 9-beb eng #1/8/s|81% 
fH; 1B S/2/s/S(ElElelehele|slel3] els 
S1o1 8) 8.1.5) S41 8d SoS) Of Gls lee bal Bis|s 
Behe 1 Seba | ae es Baer a ea ee dod ear y Or ee 
Miles 
None.-_.-_-: 0} 29] 29, 3/260. 3}102. 0! 18. 1/11. 4/11. 1] 19. 2! 24. 9) 19. 6) 23. 4) 20. 5! 21. 5} 40.3) 21. 5) 21. 2!13.0 
DOS 29] 65] 36. 0/240. 0/115. 0} 14. 3/10, 0/10. 0} 15. 1) 18. 3) 15. 3} 17. 5) 15. 7] 16. 4) 24. 8) 16. 4) 16. 2)10.9 
191; Wear. 65| 104] 38, 41333. 4[145. 1] 19. 0/13. 5)12. 6} 31. 0} 40. 2} 30. 5) 36. 5) 31. 0} 35. 9) 61. 8] 34. 5} 38. 0116.7 
DO. 2 104] 3491245. 0/434. 0/434. 0/112. 0'80. 0/78. 5)111. 5)162. 5)142. 0/128. 0/125. 5/147. 5/154. 01129. 5)144. 0/94. 0 
DG. 349] 358] 8.8] 7.8] 7.8] 4.0) 3.4) 3.2) 40) 4.8) 45) 42) 42) 4.5) 46) 43) 4.5/3.7 
UBT) manne 358] 461/103. 2} 85. 9] 88. 7} 41. 0/35. 2)34. 4 41. 4) 48. 4) 46. 1} 46. 5] 46. 4] 46.0) 48.3) 44.0) 46. 9137. 7 
Cincinnati, 4 
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AS rae 482] 488] 5.9) 7.0) 7.8} 2.9) 2.1/1.9) 29) 41) 3.6) 3.1) 3.1) 3.5) 3.8) 3.44 3.6728 
Oana 488] 492| 4.2] 3.6). 4.0) 1.8] 1.41 1.3) 1.8) 2.4, 2.2) 1.9) 19) 2.2) 23) 20) 22)1.5 
Doss 492] 543] 50. 9} 78. 6) 91. 6} 25. 4/18. 2/16. 3} 25. 1] 37. 9) 32. 2) 27.0) 26. 7) 31. 4) 35. 2) 28. 4] 33. 020.3 
None_____-- 543] 598) 54. 5|128. 0/159. 0} 37. 0/20. 0/18. 0} 36. 2) 61.9] 52. 5] 41. 2/ 39. 8) 51. 0) 57.9) 45.0) 54. 1/24.0 
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It is to be noted, in connection with these tables, that summation 
of the mean times of flow between successive stretches does not neces- 
sarily give the correct actual time of flow between two such distant 
points as the origin and the mouth of the Ohio. It gives only the 
time which would have been required had the mean flow conditions 
existing in each stretch remained constant during the whole period 
required for a body of water to pass through each stretch in succession; 
and actually such constancy of flow is not realized for any con- 
siderable period in the Ohio River. In periods when the river is at 
a fairly uniform high stage, so that the entire time of flow from origin 
.to mouth would be short, the summation of mean time intervals 
given in Table No. 24 may approximate the times actually required 
for passage of water from Pittsburgh to the successive points indicated. 
But where the river stage is progressively falling, the actual time will 
be longer than thus indicated; and with either a progressive or a 
sudden rise it will be shortened. For example, it is likely that water 
leaving Pittsburgh in June, July, and August, actually required as 


long to arrive at the mouth of the Ohio as indicated by these tables, 


that is from 40 to 70 days, since the river during the whole of the 
period from June to October 15 was at a low and generally falling 
stage. But according to summation of time intervals the water 
leaving Pittsburgh in the last part of October would have required 
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Fig, 9.—Time required for water leaving Pittsburgh on the 15th of eéach month to reach successive Sampling stations on the Ohio River 
95404°—24. (Face p. 47.) 1 
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over 3,000 hours (125 days) to reach station 933, arriving there about 
February 1. Long before this, rising river stages had swept this 
water forward through the stream, greatly reducing this calculated 
time interval. An attempt has been made to correct the data used 
in Figure 9, by taking into account the successive changes in velocity 
which would actually affect the passage downstream of water leaving 
Pittsburgh on the fifteenth of each month; and this figure accordingly 
shows actual time intervals between distant points somewhat more 
correctly than they are given in Table 24. It will be readily apparent, 
however, that. estimates applied to long stretches, where the time 
intervals extend over many days are at best more or less hypothetical. 
In the shorter stretches the actual times of flow presumably cor- 
respond more closely to the estimates, though varying more or less 
widely from day to day within such a period as a month. 


TABLE No. 24.— Monthly mean time of flow, in days, from confluence at Pittsburgh 
to each sampling station (Jan. 1 to Oct. 15, 1914) 


Mean time of flow in days 


mt Dis- | — 

P tance Octo- 
station i= sb nti March| April | May | June July | August t Baca on pet 

Miles 

1 geile gaat 2 se 3.1 0. 09 0. 09 0. 06 0. 05 0. 09 0. 38 0. 68 1.00 1.05 2.11 
URS BS «ohce 11.8 . 29 PA! .19 30 1. 45 2. 49 3. 7 4.11 8. 34 
hE, a 19,-1 . 48 46 . 36 .32 . 48 2. 22, 3. 85 5.71 6. 41 12. 71 
> Se ae ee 23.1 . 56 53 . 42 .38 - 56 2.54 4,45 6. 59 7.35 14: 60 
BO beg 35 at 29.3 . 66 63 . 51 . 46 - 66 2. 96 5.20 | 7.69 8. 34 16. 88 
Gbor 22. stew 65. 3 1.18 1.15 95 . 89 1,18 4, 44 7.45 | 11 49] 13.49 25. 95 
«ge as Nail Al. 77. 2 1. 40 1, 34 1.13 1.05 1,38 5. 46 9.09 | 13.81] 15.88 30. 69 
BR +2 \hs. see 88.0 1.60 1. 51 1. 29 1, 20 1. 56 6.11 | 10.20 | 15.47 | 17. 54 33. 70 
O7 22.00 3 t- 96. 7 1.77 1. 65 1. 42 1,32 tc 6.69} 11.20] 16.98} 19.02 36. 36 
$04 2 ys so ke 103. 7 1,92 1.78 1, 54 1.42 1, 86 dood, 12, 120)" 18, 26 }- 20.36 38. 74 
2 ee ee 349. 4 6. 20 5. 68 5.17 4, 68 5.89 | 17.32] 24.90] 34.88] 36.12 68. 38 
855.5, 225. 355. 4 6. 31 5.78 5, 27 4:77 6.00.}..17.52 }: 25.10 | 35.11 | 36,34 68. 82 
SDSL si spos 358. 2 6. 36 5. 82 5:31 4.81 6.05} 17.60] 25.18] 35.19] 36.42 68. 93 
46 be se. 461.4 8.02 7. 33 6. 78 6. 24 7.65 | 20.24] 27.86] 38.34] 39.27 73. 25 
Cs ae peas 475.0 8. 27 7. 53 6. 98 6. 42 7.87 | 20.91) 28.64] 39.32) 40.11 75. 07 
cr pl Cie ae 482.3 8. 42 7. 69 7.14 6, 52 8.00} 21.39} 29.20} 40.01} 40.72 76. 27 
488__._____- 488. 2 8. 53 7.78 7. 23 6. 60 8.10 | 21.64) 29.46] 40.30) 40.99 76. 69 
ya re 492. 4 8. 60 7. 84 7. 29 6. 65 8.16 | 21.77} 29.60] 40.31] 41.14 76. 88 
ak ae 543. 0 9. 56 8. 63 8. 06 7.32 9.04} 24.31] 32.46] 43.60] 44.09 82. 30 
i oe 597.8 | 10.90 9. 58 8. 98 8.06 | 10.14] 27.83] 36.86 | 48.98] 48.86 94. 68 
Bl baa. & 35- 611.0 | 11.24 9. 80 9. 22 8.26 | 10.42 | 28.78) 38.06] 50.42] 50.14 98. 01 
(POR 618.7 | 11.39 9. 91 9. 34 8.36 | 10.55} 29.06] 38.38] 50.80] 50.48 98. 71 
04s er. 2 op. 903.7 | 17.35] 14.44] 14.07} 12.45] 16.05 | 41.62) 53.19] 67.54] 65.73 | 127.71 
2 i eas 921.2} 17.72] 14.74} 14.39] 12.74] 16.42] 42.34] 54.05] 68.37] 66.48] 128.61 
06s ne so3 926.5 | 17.87] 14.84 | 14.50). 12.83] 16.55} 42.61 |} 54.33] 68.64] 66.76] 128.93 
M33isn2 ec 934.1 | 18.09 | 14.96 | 14.64} 12.94] 16.71 | 42.95 | 54.69] 69.00} 67.11 | 129.36 








COMPARISON OF HYDROGRAPHIC CONDITIONS IN THE OHIO BASIN 
DURING THE YEARS 1914 AND 1915 WITH NORMAL CONDITIONS 


Rainfall.—The records of rainfall upon the Ohio watershed and 
its main subdivisions during each month of the years 1914 and 1915 
are summarized in Table No. 25, which also shows the average rain- 
fall in corresponding areas for the years of record prior to 1914. These 
figures are obtained, in each area, by averaging observations at all 
stations within the area, which may give excessive weight to observa- 
tions in those regions where observation stations are most numerous. 
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TasLe No. 25.—Monthly and annual rainfall on Ohio watershed and on various 
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‘Tasie No. 25.—Monthly and annual rainfall on Ohio watershed and on various 
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Run-off, 1914 and 1915.—Within the nine and one-half months, 
from January 1 to October 15, 1914, when laboratory examinations 


were being made at numerous sampling stations, distributed more or 


less throughout the length of the river, the run-off varied widely, as 


shown in detail in Table No. 16. 


For the watershed as a whole the 


run-off during the first three months averaged 1.3 inches, ranging 
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unusually low, ranging from 0.38 inch in June to.0.11 inch during 
the first half of October. A more detailed study of the data pre- 
sented in Table No. 16 shows that the variations from month to 
month in all the major subdivisions of the watershed were substan- 
tially similar, but that the range of differences between high and low 
discharges was greater in the upper than in the lower portion of the 
watershed. Thus, from January to June the run-off from the upper 
portions of the drainage area generally exceeded that from the lower 
portions; but during the low-water periods, from July to October, 
this relation was reversed. 

The two years 1914 and 1915 may be compared satisfactorily only 
upon the basis of run-off at Cincinnati and Louisville, since discharge 
estimates as well as laboratory studies were limited to the river 
stretch from Cincinnati to Louisville after October 15,1914. For the 
area above Cincinnati records are also available for previous years 
so that the run-off from this area in 1914 and 1915 may be compared 
with the average for a series of years in the past. A general com- 
parison of these two years with each other and with previous years 
is presented in the following summary: 


Ohio watershed above Cincinnati 


Rainfall Run-off 
Per cent of 
Inches Inches rainfall 
1914 ¢year)ui 23) 268 2. ted RL ee ee Be ee oe ee 38. 5 15.1 39. 2 
J9LS (year). s2s¢ 2S 2 OE Eat Ss 2 Be LOR URE es eae 43. 3 16. 6 38. 3 
Previous ‘years, AVeTage..< 20 ado. be has ee 141, 2 16. 40. 0 


1 Average for years of record, varying at different observation stations. 
2 Average for years 1899-1910, from unpublished data of U. S. Geological Survey. 


As shown by this comparison, the year 1914 was deficient both in 
rainfall and in run-off. In 1915 the run-off corresponded almost 
exactly to the average, notwithstanding that the rainfall. was dis- 
tinctly in excess of the average. This apparent inconsistency is 
due to the fact that an unusually large proportion of the rainfall in 
1915 occurred during the summer months when the ratio of run-off 
to rainfall is normally low. Upon the basis of annual totals the two 
years do not appear very different; but when compared in more 
detail, month by month, they are found to differ widely, due to 
radically different seasonal distribution of rainfall. These differ- 
ences are shown in summary in Table No. 26 following, and in figures 
4 and 5, Section I. 


MEASUREMENTS OF DISCHARGE AND VELOCITY 51 


Taste No. 26.—Rainfall and run-off on Ohio River watershed above Miami River 
(at Cincinnati), by months, 1914, 1915, and previous years 


Rainfall, inches Run-off, inches 

Months Average Average 

1914 1915 previous 1914 1915 1896- 

years 1913 
Setter Yorn 2. 222) We. este Secs LS 2. 80 4. 38 3. 51 1. 56 2. 64 2.19 
RIP TUIRE YE Be oo Pema oh ho 3. 44 2. 60 3. 08 2.47 3. 34 1. 94 
ce ae ROL A ee 3. 00 12 3. 90 2. 63 1. 22 3. 26 
TIN ES a Ss SS Tab Se Si en 4, 23 1. 61 3. 49 3. 81 . 59 2. 46 
(UU GE ens Tne OP 29 Se ae, cr a 2. 66 4. 30 3. 86 1. 96 . 83 1. 53 
OEE TY aS i en ee teeepeeih eget oe 3. 05 4.14 4,40 32 1.07 . 99 
Ee 9 SS a es es ee 3. 2k 5. 60 4,47 30 i hat . 83 
oe ape oy ep eae aS - RRR Cn a 4,98 4.73 5 may | 25 . 84 mis 
meptanivenmic t Siteunisg. Silo Vil Ae! 1. 53 3. 82 2.92 2 .79 43 
“TSI a] ace, go e eC ee AO De? ee ate t, 3. 00 2. 62 25 1.06 46 
SOCCER Ce ses eke ee ee, 1. 60 2.94 2. 70 me iff . 85 . 61 
[OVS tae 9.2) nelle ete ele ise ait ner aa 4,72 4. 50 3. 14 1.15 2.19 1.19 
dirt hea ae oy ae Spee ee ee es Sed 38. 49 43. 34 41. 66 15.14 16. 64 16. 52 
MUST CRRa GS Ss eS hoe 8 ng Ty 9. 89 7. 63 Tis 8. 40 2. 64 7. 25 
miine- November 1}. 4) £21 (LaF tT. ee 17. 64 24. 23 20. 68 1. 56 5. 83 3. 95 








, As compared with previous years the high discharges in Decem- 
ber, January, and February, 1914 and 1915, and in March and April, 
1914, are quite usual, but in each year distinctly unusual conditions 
occurred, namely: 

(1) The extremely and consistently low run-off during the six 
months June to November, 1914. Low water is expected during 
these months, but such low stages as were observed in 1914 are excep- 
tional and arerarely maintained for such a long period. 

(2) The low discharges during March and April. 1915, occurring 
at a season when freshets are much more usual. | 

(3) The fairly high discharges observed from June to November, 
1915. 

It may be said, on the whole, that during December, January, 
and February the run-off in the two years was similar and more or 
less normal; but during the remainder of the seasonal cycle the two 
years are in marked contrast. 

The differences between the two years, and their divergences from 
the “normal,” are further illustrated by the data of Table No. 27, 
showing the frequency distributions of daily discharges. Upon this 
basis of comparison the 1915 frequencies are very close to the average 
for the period taken as the basis of comparison; whereas 1914 differs 
markedly from this distribution, in a much higher frequency of dis- 

charges in the lowest range, and a lower frequency of moderately 
low discharges (0.5 to 1.5 second-feet per square mile). 

The contrast between conditions in the summer of 1914 and those 
in the corresponding period of 1915 is again shown by the fact that 
the wickets of Dam No. 37 were kept raised only 23 days from June 
1 to September 30, 1915, whereas during this period of 1914 the wickets 
were kept raised continuously. 
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Tapte No. 27.—Number of days in which discharge of Ohio River at Cincinnati 
was within designated ranges, 1914, 1915, and average for years 1858-1912 





Frequency, days 
Discharges: Second-feet per square mile 





1914 iE ile a 

Wander 6:5 foot:: Su. 2 Ue aa ad ae aaa eee ee ae 186 118 128 
0.5tol foot. SAMk 2. jon OPE2.. . oe SS So an as eee see Sa ao as wo clan ale 23 92 82 
Lteltw feet... -.__- {2 242, 2b SER oe eros sees tame ase-e te 40 61 53 
1.8 t0:2 febt.— oo ts eS ene 38 39 30 
2 to 2.6 feet... «4 2420 .c- 2 eL ee ee eee a ee eee 33 13 21 
2.beto 3 feets S- 061-2. . 2 i eee eee 8 dep ceecscaese 20 12 15 
3:to 4 feetci: Bolo d. bo. = a - Sa re eee ee eee al ie 21 16 20 
to 6 feetiex..L....3.28 8... Sa Re Se ce eee ee esses 4 8 10 
&to 6 feet. £4... Pee 2 es a eo en aesaeccusseas 0 4 4 
Over.6 feetrz..... 2-3. 06.) -.6 UE eS Se a ne eee coe ese oe ese ee 0 2 2 
365 365 365 





1 Figures for period 1858-1912 derived from Report of Plan of Sewerage, City of Cincinnati, Table 11, p. 331. 


GENERAL Note.—The figures in above table are derived from gage height readings at Cincinnati, 
employing a rating table for discharge of the Ohio at Cincinnati loaned by the United States Geological 
Survey, and taking drainage area above Cincinnati as 76,320 square miles (including Licking Basin) . 


Ratio of run-off to rainfall—The ratio of run-off to rainfall, by 
months, during 1914 and 1915, on the areas for which the required 
data are available, is shown in Table No. 28. 


Taste No. 28.—Percentage which run-off is of rainfall on Ohio watershed above 
certain points and on tributary watersheds, by months, 1914 and 1915 











1914 
© e M = ta 
it) oO 
23 |el el. ma: sia Sih 
Ea S-) E122 | ple 8 Siskel waiee 
A |sle/Slele/ 8/3] Fs /2)e/21 318 
ia Ed a Oe eildqialolatAats 
Ohio watershed: Sq. miles 
Above Pittsburgh._.___._- 19, O20 PATS e 'TSW ALR AIDA TO 11a 1S he BaP Poe be eet en tee as 
Above Wheeling. ____.._-_- 24,980 | 69] g84 112}. O40) 70.) 12 Ut) a) 150 al eh ee 
Above Parkersburg--._____ 37,950: | | 63 15 67 | .Ob4+ 20384! 6Giof AG ad F4| 16 cE Se ee 
Above Hocking!_________- 40,490 | 63] 67] 96] 93 | 62)10| 11 el UG ky he Be 
Above Point Pleasant____- 525690 ‘| *63'}) 70 [2-84 87") 66940718] S16" 22 )2 Soar = 2 Sees 
Above Big Sandy 1________ 60, 870;} 58 | 70). 80] 86 [969 jo0 19219-6116 13.) ay eh 
Above Little Miami2___._ 70,950 | 54 68 | 79} 86)72)10) 9] 5118) 7) 11 38. 1 
Above Cincinnati3________ 76,320; 54) 69] 81] 86) 72/10; 9} 5417] 8j11 37.8 
Above Kentucky ?_______- 83,130 | 52] 68] 83] 85] 70/10) 9} 5|17)] 91] 10 37.8 
Above Louisville__.__.__-. 91,190} 50.) 74] 81] 89 | 72:)11] 91,7116) 8110 38. 2 
Above Evansville.___.___- 107,'100' |) 4942972 |. OVA 8S.) SOW 1341570 LAP TO oe | SEER Oe 
Above Cumberland ?_____- 144,000 |} 42] 61 75 Wa8h 171 131. Oo) Be ee Eee 
Above Tennessee ?_______- 161,960 415] (645 TE IOD NTE ITALERI Dt ae BY EY eee 
Above Tennessee 1_______- 202, 700 |-. 37 | $6]: 50°] °851 70.) 14 |310 Ie OW Varo foi) ee 
Tributary watersheds: 
Alioghoeny. = sssae-god-e552 11,680} 69°} 83.) 1289" Od. 76) Ty rte tae SG eee. | eee 
Monongahelaz_-_..=...-..- 7,30 98 | 69 | 122.].. SS 4b. ALON 177) 46 aaah ASS) See Sere t 
Beaver Sa es APRs? 3, 140°} 110] 67 [1200 SB 7G es ene eee 
Briotesosi erty 1. 6,410;| , 46,5161 | 1447) £80 SPO BM Gane ot pee ee) Se es 
Little Miami_-_...-.-_--.-- 1,714} 42] 60] 162] 111] 77]' 51 5] 7]10) 12] 8] 201] 41.2 
icking. A245). 34) fe 7 3,636 | 46] 87] 82| 62] 54113] 1] 4] 4]27) 5] 46) 368 
BT Ts ea ae a 5,410 | 33] 58] 185| 83/46] 9| 8! 5/13] 8)12) 14|344 
Kentidky) 2... 2esvi 9 6,912} 22] 48] 38| 58/40] 7] 3] 3] 9112) 5] 24] 21.5 
Wabeal. 2). aise te 32,8001 19 S1"l) 78 1 4a ARE 1a ls oa | ee eae 
Cumberland! col Gecvu®. 17, 14} 50] 32] 185/62] 9) 11 Tei AP eee en atece 
SLBDMOSSOG foe | ea ee oe 40,740 | 28) 42 364) 78el 7317) Tt | Oe poe ee fee SU kee 
1915 
Ohio watershed: 
Above Little Miami pare ME pee 63 | 121 77) 38} 20 | 27 |.19 | 18 | 20 |.35 | 29.| 46 | 38.2 
Above Cincinnati 3.222. )-222202L- 63 | 130] 74] 38 | 20 | 26 | 20 | 18 | 20/35 | 30} 47 | 39.0 
Above Kentucky River ?_.|__......_- 60 | 127 | 72] 35 | 19 | 25 | 22} 17] 19] 36] 31} 54 | 38.6 
SADOVE’ LOIS MIS, See ee 65 | 144 | 72) “38 | 18 | 28 | 22 | 17 | 20} 35 | 30} 54] 39.7 
Tributary watersheds: i} i 
bittie Miamiti! | CU SEM Uie tes 50] 514} 29] 14] 8 | 21 | 22 | 24 | 33 | 34 | 23 | 116 | 50.6 
-plftKing 09 -vaeh. Ah UC ESR SX 77 | 208 | 64} 38} 23 | 26 | 40 | 14] 11.| 33 | 41] 88 | 46.5 
Se ee hen eee eee eee oe Oe 26 | 247 | 45] 22) 13 | 22 | 38 | 20 | 29 | 43 | 29] 35 | 35.4 
Kentucky-:._2- 2.2. May Ws AE a 45,114] 48] 49 | 10] 20 | 24] 11] 12 | 22 | 27) 76 | 33.5 








‘Including designated tributary. ? Excluding designated tributary. * Including Licking watershed. 
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_. The, seasonal, variation indicated in 1914, namely, a high ratio of 
run-off to rainfall during the winter and. spring, with a much lower 
ratio during summer and autumn, is characteristic, except that the 
run-off does not ordinarily fall to such a low ratio as observed in the 
summer and autumn of 1914. It may be noted, in this connection, 
that in the summer and autumn of 1915, the ratio of run-off to rainfall 
was quite constantly and greatly in excess of that in corresponding 
months of 1914. Thus, the difference in summer rainfall in the two 
years was associated with a proportionately much greater difference 
in run-off. The low ratio of run-off during the spring of 1915, 
especially in April and May, is quite unusual. 

Velocities of flow.—The characteristics of the channel of the Ohio 
River are such that the velocities in successive prisms are much more 
nearly uniform at high than at low river stages, as may be seen by 
reference to Table 20. Thus, during the five months, January to 
May, 1914, with mean monthly discharges at Cincinnati varying from 
100,000 to 248,000 second-feet, the extreme range of velocities in the 
26 stretches included in Table No. 20 is from 1.47 to 3.53 miles per 
hour, and the great majority of observations fall within the range 
from 2 to 3 miles per hour. Considering only longer stretches, the 
variation at high stages is still narrower. For example, in the 
month of highest discharge, April, 1914, the velocity in any stretch 
of 100 miles or more will be found to vary but little from the mean 
rate of 3 miles per hour. 
~ At low stages the velocities in different stretches vary more widely, 
due in part to the effect of the dams which are raised at such times, 
in part to differences in the shape of the low-water channel in different 
prisms. During the four and one-half months, June 1 to October 15, 
1914, with discharges at Cincinnati ranging from 9,000 to 22,200 
second-feet, the mean velocities shown in Table No. 20 vary from 
0.06 to 1.63 miles per hour, a more than twenty-fold difference. The 
jowest velocities during this period are in the upper portion of the 
river, from Pittsburgh to Wheeling, where the low-water flow is 
greatly retarded by the dams constructed for improvement of naviga- 
tion> The highest low-water velocities are observed in the stretch 
from the Scioto River (mile 358) to Cincinnati (mile 461). Of 
the,.open-channel._ stretches not influenced by dams, the stretch 
between the Miami River (mile 492) and Louisville (mile 598), and 
especially the lower half of this stretch (miles 543-598) is remarkable 
for the very low. velocities reached at low river stages and for the 
wide range of variation between high and low stages, due to the broad 
and, relatively flat contour of the low-water channel. The range 
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between high-water and low-water velocities in these three stretches 
is shown in the following summary: 





Monthly mean velocities 








Stretch Miles per hour Ratio 
i- Mini- i 
wen 1 aalen 2 | Minimum : Maximum 
Pittsburgh to Wheeling (0-77 miles) - __ --------------+- 3. 05 0.10 1 30 
Scioto River to Cincinnati (358-461 miles) __-__...-.---- 3. O1 1.00 1 3 
Miami River to Louisville (492-598 miles) _-.....---.--- 3.11 0. 25 1 12.5 
1 Mean for April, 1914. 32 Mean for Oct. 1-15, 1914. 


From the standpoint of this study, which is concerned particularly 
with the phenomena of natural purification in the river, velocities are 
of significance chiefly (though not solely) as permitting the calcula- 
tion of times of flow between given points, especially between the 
large cities, Pittsburgh, Wheeling, Cincinnati, and Louisville. The 
maximum and minimum times of flow during 1914 from each of 
these cities to each other city situated downstream, and to Paducah, 
which is near the mouth of the river, are summarized in Table No. 29. 
Tasty No. 29.—Estimated times of flow between important points on the Ohio 


River, corresponding to maximum (April, 1914) and minimum (October 1-15) 
mean discharge observed during 1914 





Mean time of flow in days, from designated point to— 


Origi Wheeling - Cincinnati Louisville Paducah 
at as (station 88) (station 461) (station 598) (station 926) 
Oct. 1-15,| April, | Oct.1-15,) April, | Oct.1-15,) April, | Oct.1-15,} April, 
1914! 1914 19141 1914 19141 1914 19141 1914 

From Pittsburgh (sta- 

tion 0) Aree By 34 1.2 73 6.2 95 8.1 129 12.8 
From Wheeling (sta- 

tion 97). iss<te eh oh brs Lieet eho 37 4.9 58 6. 7 93 11.5 
From Cincinnati (sta- 

tign 475) see np Soz3)_ ects ts |e a a ee pears oe 20 1.6 54 6.4 
From Louisville (sta- 

tion/61}) 32.16 wee Ae ee ie Sd ee i 31 4.6 


1 The times of flow estimated for the period Oct. 1-15 are the times that would have been required had 
the stream-flow conditions obtaining in that period remained constant. As this was not actually the 
case the intervals given are hypothetical, but probably represent about the maximum intervals to be 
expected in long-continued stages of extreme low water. 

Although these maxima and minima are based on only 10 months’ 
observations, they probably represent very nearly the extremes of 
variation which would be observed in a long series of years, for 
higher river stages than occurred in 1914 would not greatly increase 
velocities, and stages as low as observed in the first half of October, 
1914, are seldom if ever maintained long enough for the corresponding 
time of flow from Pittsburgh to Paducah to be actually realized. (See 
footnote to Table No. 29.) With the construction of the additional 
dams which are projected for improvement of navigation the time 
of flow through the river at low stages will be materially increased. 


Section IIT 


SOURCES OF. POLLUTION 


By R. E. Tarsett, W. H. Frost, and J. K. Hoskins 


The pollution of a river system at any given point in its course 
depends upon: 

(1) The amount and composition of all the wastes discharged into 
the waterway above this point; 

(2) The volume of water in which they are diffused; and 

(3) The direction and extent of the changes which the wastes 
have undergone between their original sources and the point of 
observation. 

. An ideal analysis would, therefore, include as one of its requisites, 
measurements of the volume or discharge at the observation point. 
This is the simplest of the requirements and can ordinarily be ful- 
filled without excessive difficulty. 

_ The next requirement is some measure of the pollution at the 
observation point in terms of the weights of various chemical com- 
pounds or elements and the number and kinds.of organisms per unit 
of volume. This is fulfilled to some extent by the physical, chemical, 
and biological examination of water by conventional methods. 
The results have the virtue that they are expressed in definite, 
quantitative terms, although it is well understood that they are 
incomplete and, in many instances, indirect measures of the kind of 
pollution which is of greatest sanitary and economic importance. 
The next requirement would be an evaluation and summation of 
all the sources which contribute to each constituent which is dif- 
ferentiated in the analysis of the water, the sources being evaluated 
in the same terms as the analysis, that is, in weights of each chemical 
constituent, and in the numbers of each class of organisms. Then, 
by summation of the amounts of each constituent accounted for at 
all sources and comparison of this total with the amount found in 
the stream by direct analysis, it would be possible to determine the 
ageregate of changes which had taken place between original sources 
and observation point. 

- But even this would not at all accurately evaluate individual 

sources with respect to their share in any given item of pollution at 
the observation point, for the wastes from different sources would 
presumably have been subject to changes in different degree, pro- 
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portionate, perhaps, to their respective distances from the observation 
point. To account for this it would be necessary to know the rates 
at which the indicated changes were taking place in relation to 
determinable conditions, such as distance, time, temperature, etc., 
and to apply these rates to the! various sources, classified according 
to these conditions. Even then it could not be assumed that the 
quantitative relations existing between these sources and the observéd 
pollution were constant, since all the governing conditions might be 
subject to variation from day to day, and it would be necessary to 
ascertain the laws governing these variations. Obyiously, _all 
these requirements can not be fulfilled as yet, and it is therefore 
beyond all present reckoning to establish such general and funda- 
mental quantitative relations as will serve to allocate all the waste 
constituents present in a watercourse to their respective sources in 
any exact proportion and under all conditions. 

Aside from the fact that the laws governing the chemical and bio- 
logical changes which take place in watercourses are still unknown, 
certain of the important sources of pollution can not as yet be evalu- 
ated in the terms used in chemical and biological analysis. For 
example, a rural watershed may be described in terms of its area, its 
general topography and geology, its state of forestation or cultiva- 
tion, its population, etc. But such data, even in great detail, do 
not permit any definite quantitative estimate to be made of the 
amount of nitrogen, for example, or the weight of suspended matter 
which is dsntatiga’s in its run-off; for while these amounts may be 
influenced by each of the algvermpotinned variables they are not 
related to any of them in a well-defined and simple manner. |. More- 
over, the run-off from such an area is not constant, but varies from 
day to day both in amount and in character. It is, therefore, prac- 
tically impossible, in a:survey of rural drainage areas, to collect 
data which will lead to anything but a very rough estimate of the 
character and amount of wastes which any such area will contribute 
to a watercourse which receives its drainage, 

With respect to urban areas which are provided with sewerage 
systems the case is different, for here the wastes bear a fairly definite 
and constant ratio to the numbers .of inhabitants served by the 
sewers, which is readily determinable. They also bear a less con- 
stant but not altogether indeterminate ratio to data which can be 
collected concerning the industries contributing industrial sewage. 
A statement of the sewered population and,a summary of salient 
facts regarding the industries discharging trades wastes into the 
sewers of a community may, therefore, be translated at least roughly 
into the same terms which are used to express the results of direct 
chemical and biological examinations of water, that is, weights of 
certain chemical constituents or indices, and numbers of certain 


SOURCES OF POLLUTION 57 


classes of bacteria. The conversion is certainly not very precise as 
applied to individual communities and industries; but, as applied 
with due care to large aggregates of population and industries, it 
may be expected to be reasonably accurate. 

It will be convenient, therefore, to separate the sources of pollu- 
tion into two broad classes, namely: 

(1) Sources contributing to pollution by the discharge of domestic 
or industrial sewage directly into the river system, and 

(2) Sources contributing to the pollution only by natural drainage. 

Chief importance is attached, in this study, to the sources of the 
first class, contributing direct sewage pollution, primarily because 
they are the only sources of which quantitative estimates can be 
made in terms similar to those employed in direct analysis. They 
are, however, of major importance for several other reasons, namely: 
The wastes from these sources contain the most offensive and dan- 
gerous kinds of organic refuse, discharged into the river system in high 
concentration and not reduced in offensiveness by processes of nat- 
_ural purification prior to their entry into the watercourse. In the 
ageregate, they contribute a very considerable proportion of the total 
organic pollution, especially the bacterial pollution observed at some 
points on the river; and finally, they are the only sources which are 
controllable. Such a survey of sources of pollution as is here at- 
tempted is, therefore, for the most part, a summary of urban popu- 
lation, more especially of the population tributary to sewerage sys- 
tems, with additional summaries of organic industrial wastes, reduced, 
so far as available data permit, to the same terms that are asa in the 
summation of sewered population. 

As to unsewered areas, no attempt is made to arrive at any direct 
estimate of the pollution which they contribute, for while it may be 
shown that they must necessarily contribute a large proportion of 
certain classes of waste constituents found in the river, there are no 
terms in which the different areas may be compared or summarized. 
Subdivisions of the drainage basin have already been described in 
terms of area; and in the summaries which follow, statistics of their 
population are given; but it is obvious that these data furnish little 
information as to the pollution which the rural areas contribute, since 
this is not directly related either to size or to population. 


POPULATION 


The statistics of population used in this study are derived originally 
from the Federal Census enumerations of 1890, 1900, and 1910, as 
published in the reports of the census of 1910,' redistributed, accord- 
ing to drainage areas, and extended to the year 1915 by assuming an 
arithmetical rate of increase since 1910. 


1 Thirteenth Census of the United States, 1910, Vols. If and III, Population, Washington, 1913. 
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As published in the census reports, the population of each State is | 
distributed primarily by counties; and the population of each county — 
is further distributed according to the civil subdivisions which make 
‘up the county area. The organization of the county varies in differ-— 
ent States; but in all the States which have territory in the Ohio Basin — 
the county is subdivided into several districts, which are variously 
designated as ‘districts,’ ‘‘townships,’’ or “towns.” Within these 
areas are more or less independent ‘incorporated communities,”’ 
which may be called cities, villages, or boroughs, which are enumer- 
ated in the census reports as separate units. The “townships” or 
“districts” are rural areas, usually comprising some 25 to 50 square 
miles each, while the incorporated places are small areas of compact 
population. 

In the classification of the Census Bureau the population resident 
in incorporated places having 2,500 or more inhabitants is classed as 
“urban,” ? and the remainder of the population, residing in the 
country and in incorporated places of less than 2,500 inhabitants is 
classed as rural. This classification is, therefore, followed in this 
report. 

Methods of compilation.—In order to regroup the population of civil 
divisions according to drainage areas, each watershed was first care- 
fully outlined on a United States post-route map,* the boundaries 
being adjusted in accordance with topographic maps of the United 
States Geological Survey where these were avialable. . The post-route 
maps used show the locations of all incorporated places, and the 
boundaries of counties, but do not show the boundaries of townships 
or corresponding subdivisions. 

Counties lying wholly within a single watershed require only simple 
summation of their populations, classified as rural and urban, respec- 
tively. In apportioning the population of counties intersected by the 
watershed boundary, the proportion of the country area lying within 
the watershed was first determined from the map, by planimeter 
measurement. Then the population of all incorporated places was 
deducted from the total for the county, and the remainder prorated, 
allocating to the watershed a fraction of this population propor- 
tionate to the fraction of the county area included in the watershed, 
as previously shown by planimeter measurement. To this prorated 
population was then added the population of all incorporated places 
of less than 2,500 inhabitants actually lying within the watershed as 
shown by the base map, thus giving the total rural population. The 
urban population is, of course, the sum of the populations of incor- 





2In the Mortality Statistics published by the Census Bureau, “‘urban’’ population includes only that 
resident in incorporated places having 10,000 or more inhabitants. 

8 The United States post-route maps used were furnished by the Post Office Department. They are 
published in sheets each of which shows a single State or portions of two or more adjacent States. The 
scale varies in the maps used from 1 inch=5 miles to 1 inch=8.45 miles. 
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porated places of 2,500 or more inhabitants lying in that portion of 
the county included in the watershed. 

In thus apportioning the population of unincorporated places 
according to area it is necessarily assumed, that this population is 
uniformly distributed over the county and that the total area of 
incorporated places is negligible. Actually the distribution is not 
entirely uniform, and the areas of incorporated places are not alto- 
gether negligible, so that some errors are involved, but these are 
presumably compensating in the summations for a large watershed. 

In the densely populated districts immediately adjacent to Pitts- 
burgh and Cincinnati, population estimates have been made with 
somewhat greater precision by using more detailed maps, showing the 
boundaries of the smaller civil divisions, such as townships and city 
wards, in relation to watershed boundaries which were likewise more 
accurately defined by topographic maps. 

Summaries of population were thus prepared for each major 
drainage area for each of the census years 1890, 1900, and 1910, and 
from these data post-censal estimates of population as of July 1, 1915, 
have been prepared for each area, in accordance with the practice 
of the Census Bureau, using the arithmetical method, basing the 
estimated post-censal increase upon the observed rate of increase 
during the last intercensal period.‘ Estimates of the 1915 popula- 
tion of individual cities having 8,000 or more inhabitants in 1910 
have been taken from the intercensal population estimates for these 
places as issued from year to year by the Census Bureau, taking into 
account any changes in area due to annexations of additional ter- 
ritory subsequent to the census enumeration. For incorporated 
communities of less than 8,000 inhabitants individual estimates of 
1915 population have not been attempted, but for each watershed 
an estimate has been made for the aggregate of these communities. 
The total population of each watershed, urban and rural combined, 
has been estimated for 1915 from the total populations of 1900 and 
1910. The rural population for 1915 has then been taken as the 
difference between the total population and the urban population.® 

Population of the Ohio River Basin as a whole.—The statistics of pop- 
ulation for the Ohio River Basin as a whole are summarized in Table 
No. 30, which shows the total, urban and rural populations as com- 
piled for the census years 1890, 1900, and 1910, and as estimated 
for 1915; also the percentage of increase in each class of population 
in the decades 1890-1900 and 1900-1910. During these two decades 
the total population of the watershed increased by 3,445,000, or 


4 The census enumeration of 1910 is dated April 15, while the 1900 enumeration is of June 1, so that 
the intercensal interval is 118.5 months, 

5 In making these estimates it has been convenient to carry out the computations to the nearest whole 
number, in order that totals might check; hence, figures which are not presumed to be accurate beyond 
the third digit, are given in detail in the tabulations. In applying the figures, and generally in referring 
to them, round numbers are used. 
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approximately 31 per cent. The greater part of this increase was 
in the urban population, which was almost doubled from 1890 to 
1910, while the rural population increased only about 11.3 per cent. 
Mean densities of population for periods corresponding to els of 
Table No. 30 are shown in Table No. 31. 


TaBLE No. 30.—Summary of population of the Ohio River Basin 1890-1915 





Population Per cent increase 


Federal census 
July, 1, 1915 |_______._+_¥—________—______! 1900-1910 | 1890-1900 


(estimated) 
Apr. 15, 1910} June 1, 1900 | June 1, 1890 
Potalt tpi bee tse. 15, 381, 200 14, 474, 250 12, 754, 466 11, 029, 118 13. 48 15. 63 
Rurall. See IA Pes 9, 686, 600 9, 375, 895 8, 993, 664 8, 305, 939 4. 25 8. 28 


DES ere Ee eegeee ace Bone ee we ee 5, 694, 600 5, 098, 355 3, 760, 802 2, 723, 179 35. 55 38. 12 





TaBLE No. 31.—Density of population of the Ohio River Basin, 1890-1915 
Population per square mile 


1915 (esti- 





























mated) 1910 1900 1890 
Total.t. i823. tetly -10 eo Skea bie ee «eee ees 76 71 63 54 
ural. 332. <2. iidee (OIA A a Ree Se eee 48 46 44 41 
Urbane A Be a a a ee 28 25 19 13 





In Table No. 32, the population of the Ohio Basin, in the year 
1910, is compared with that of the continental United States and of 
the divisions into which the States are customarily grouped. As 
shown by this table, the population of the watershed at that time 
constituted 15.8 per cent of the total population of the United States. 
It is more than twice as great as the population of the New England 
States; somewhat less than that of the Middle Atlantic or East- 
North. Central States; somewhat greater than that of the West- 
North Central or South Atlantic States; and more than twice that 
of the entire area west of the Dakotas, Kansas, and Texas. The 
percentage of rural population is less than in the United States as a 
whole due to the higher proportion of urban population in the eastern 
and wester: coastal regions; but is above the average for the area’ 
between the Appalachians and the Rocky Mountains. Notwith- 
standing the comparatively low percentage of urban population, 
the mean density of population i in the watershed is greater than that 
of the country as a whole, and is exceeded only in the New England, 
Middle Atlantic, and East-North Central divisions. The rate of 
increase in population during the decade 1900-1910 was less than in| 
the country as a whole, but in urban population the increase, 35. 5B. 
per cent, was still at a very rapid rate. On the whole, as regards | 
density of RO ratio of rural to urban residents, and rate of 


: 
: 


SOURCES OF POLLUTION 61 


increase in urban population, the Ohio Basin is fairly representative 
of the entire United States, being intermediate between the extremes 
found in various other sections of the country. . 

Tase No. 32.—Population of the Ohio River Basin compared with that of the conti- 


nental United States and its divisions—Urban, rural, and total populations for 
1910; percentage increase 1900-1910, and density per square mile, 1910 











: Classification of | Percentage increase it 

Population, | ‘population “1900-1910, ) organi. 
Areas i tion per 

Federal square 

census =| Urban | Rural | Total | Urban | Rural | mile, 1910 
Per cent | Per cent 

hic drainave area... .-.--- sess... | 14, 474, 250 35. 2 64.8 1) 13: 48°] 35. 55 4. 25 71.4 
Continental United States____- | 91, 972, 266 | 46.3 §3. 7 21.0 38. 4 9.2 30. 9 
New England States_____.._.2._--_- 6, 552, 681 83. 3 16. 7 17.2 22.0 12.2 105. 7 
Middle Atlantic States______._.____- 19, 315, 892 71.0 29. 0 25. 0 36. 2 4.0 193. 2 
East-North Central States_________-- 18, 250, 621 52.7 47.3 14,2 33. 2 11.5 74. 3 
West-North Central States_________- 11, 637, 921 ida. 'S 66. 7 12.5 31.5 4.9 22.8 
pouth-Atiantio-States-<--<280244- 12, 194, 895 25.4 74. 6 16.8 38. 5 10.9 45.3 
East-South Central States____...___- 8, 409, 901 18, 7 81.3 11.4 39. 2 6. 5 46. 8 
West-South Central States_____-___- 8, 784, 534 22:3 WEES 34. 5 85. 2 24.7 20. 4 
Mountain States. -_... sds LY 2, 633, 517 36. 0 64. 0 57.3 75. 0 48.8 ae! 
‘ ACiiG Stapes..2. 2.1. seek 2 eae 4, 192, 304 56. 8 43. 2 aco 17 112, 2 39. 8 13,2 





1 Decrease. 


~ Distribution of population by States and by drainage areas.—Table 
No. 33 shows the distribution of population in the watershed by 
States for the census year 1910, and as estimated for the year 1915; 
also the percentages of increase in total population in the decades 
1890-1900 and 1900-1910. Excepting the very small area of Mis- 
sissippi which lies within the watershed, the greatest increase in 
population in these two decades has been in the eastern portion of 
the watershed, chiefly in Pennsylvania and West Virginia, due to 
the active development of mining and allied industries. 

Tasue No. 33.—Population of the Ohio River Basin by States, urban, and total 


population for 1910 and estimated for 1915, with percentage increase 1900-1910 
and 1890-1900 


Population of portion in Ohio Basin 

















; Urban Total 
State i ea in 
asin ; 
Percen 
July'1,1915]° Ggi9° [July 11915] y919 enisne Jacesee 
(estimated) (estimated) 1900-1910 | 1890-1900 
: Sq.miles 
PE WE COT Bee 1, 942 58, 600 51, 832 140, 000 ASINTo7 iS os 13. 4 
Pennsylvania__..-..---- 15, 528 1, 557, 700 1, 381, 794 2,981, 200 | 2, 648, 324 31.3 28. 2 
Nigga to (ee rie Fl] RENTS CASEIN Mg hes eee Bs 14, 100 18, 325 13. 1 26. 7 
Perris ee ee 7, 130 26, 900 23, 627 366, 600 339, 867 17.6 20. 8 
North Carolina__.__---- 6, 226 23, 800 21, 580 240, 700 230, 791 8.9 yd lay | 
bt 0 EC a ee Se ee 29, 499 1, 742, 200 1, 549, 291 3, 219, 400 | 3, 048, 211 11.9 8.0 
West Virginia_-.._...-- 20, 394 250, 000 208, 562 1, 259, 700 1, 124, 352 29. 5 2. 
mEODICi ys oes Soot 39, 144 584, 400 544,215 | 2,305,800} 2, 226, 046 Wea 15. 4 
BMOTINOSSOG =.) ee Sl 4 33, 447 307, 600 276, 305 1, 666, 900 1, 606, 138 Gat 1:1 
Sut aS aoe eee 5 Wa oF. ee. SoS My Bh, al (aa 9 See BS 46, 400 45, 964 ay 1351 
PAUSE ob) ck ses sex 6, 763 35, 500 32, 835 293, 400 275, 954 13. 6 10.1 
MISSION DIS oe SY kil ktjeadien eg Gap caitny 1"), Senki 12, 300 10, 977 29. 2 11.9 
PetiATi. beet et es 28, 962 936, 900 860, 091 2, 218, 600 2, 171, 282 4.3 13. 5 
Mlinovisemessiaase eeu 11, 377 171, 000 148, 223 616, 100 601, 262 4.9 12.3 
Pr ptalsc sent o 3. 202,691 | 5,694,600 | 5,098,355 | 15,381, 200 | 14, 474, 250 15. 63 








NorteEs.—Population for 1910, 1900, 1890, from United States census; population for 1915 estimated accord- 
ing to the United States Census Bureau method. 
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The total and urban populations upon the various drainage areas 
tributary to the Ohio are shown in Table No. 34.° Corresponding 
densities of population are shown in Table No. 35, and are indicated 
graphically in Figures 10, 11, and 12, which give a better view of the 
differences between diffonarts sections of the watershed. Rates of 
increase in total, urban, and rural population on each drainage area 


are shown in Table No. 36; and Tables Nos. 37 and 38 show, respec- 


tively, the populations a densities on the entire watershed above 
certain points on the main stream. : 


TaBLE No. 34.—Population of the principal tributary basins of the Ohio River— 
Total and urban population for 1890, 1900, 1910, and estimated 1915 








Population 
Total Urban 
Basin 
erie arity 
1915 
(esti- 1910 1900 1890 (esti- 1910 1900 
mated) mated) 
Allegheny........._-- 1, 175, 100} 1, 071,682] 875,641} 740,862) 416,600! 364,737| 236,547} 147, 149 
Monongahela... ...._- 1,075, 000; 925,120) 640,867) 451,191) 429,800) 352,665} 174, 501 77, 969 
OR VOlt clot area 496,900} 438,431) 327,657; 280,576) 302,600) 251,086) 149,255) 101,324 
Muskingum_.__ —..- 649, 500} 616,816). 554,812) 519,344) 267,700) 234,777 165, 121) 128, 253 
Little Kanawha______ 91, 200 91, 185 91, 221 77, 333} None. None. None. None. 
Hoeking sic 48 117, 900} 110, 333 95, 962 90, 488 39, 700 34, 574 23, 924 23, 900 
Kanawha. -____2_--.- -| 594,900} 536,609} 426,011) 340, 849 66, 800 55, 991 31, 455 14, 835 
Guyandotte_...-.___. 71, 800 63, 765 48, 611 41, 541; None. None. None. None. 
He ELLY... casa ee 234, 800} 201,612} 138, 752 96, 070 3, 600 3,561} None None. 
BeUne.. 25. 4S 580, 300 553, 115 501, 571 451, 287 308, 500 272, 845 204, 959 154, 233 
Little Miami-____. _- 111, 400 118, 158 116, 457 117, 567 16, 300. 15, 895 15, 176 13, 430 
Licking -..cu.cceletee 180, 800}. 186,048) 196,047}. 176,913 22, 200 20, 550 17, 385 15, 382 
Wriagnir es. eee 611, 800| 577,798) 513,420)  489,174| 321,500} 295,910) - 230,176} 180, 927 
Kentucky_.._.._....- 367, 300} 357,448) 338,736) 297, 607 70, 500 63, 792 48, 617 38, 298 
Saitt = co. eee 131,900} 129,604) 125,287) 120, 725 10, 000 9, 636 8, 935 8, 725 
Greens $=: | peck 424,600} 416,284) 400,521). 367, 556 25, 500 22, 858 14, 445 7, 803 
Wabash... 2 2, 304, 500) 2, 244, 792) 2, 131, 609) 1,844,060} 907,800) 821,252) 623,203) 395,138 
Saline. 22... sot AL 66, 000! 62, 880 56, 922 53, 248 11, 300 8, 675) None. None. 
Cumberland--_-_____- 908, 000} 865, 748 785, 714 681, 105 168, 500 156, 993 111, 677 99, 560 
Tennessee__.....---_- 1, 878, 600} 1, 787, 215) 1,613, 917) 1,410,146} 242, 800 212, 110} 144,864) 106, 277 


Minor basins and 
Ohio River direct __} 3, 308, 900} 3, 124, 607 2,774, 731} 2, 381, 456} 2, 062,900) 1, 900, 448} 1, 560, 562) 1, 214, 976 


——————_— |—— | | | SE 


Total basin --_|15, 381, 200/14, 474, 250) 12, 754, 466] 11, 029, 118] 5, 694, 600} 5, 098, 355] 3, 760, 802) 2, 723, 179 





NoTE.—Cities at the mouths of tributaries included in Ohio River direct. 1890-1900-1910 population | 


from United States census. 


6 In compiling these tables, cities situated at the mouths of tributaries and the entire population on the 
drainage areas of small streams emptying directly into the Ohio, have been considered as located directly 
upon the main stream. 
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Fic. 10.—Density of population (total) on the Ohio River watershed by tributary drainage areas, 1910 
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Fig. 11.—Density of urban population on the Ohio River watershed by tributary drainage areas, 1910 
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Fic. 12.—Density of rural population on the Ohio River watershed by tributary drainage areas, 1910 
95404°—24. (Face p. 62.) No.3 
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- Taste No. 35.—Density of population of the principal tributary basins of the Ohio 
River—Total. and urban population per square mile for 1890, 1900, 1910, and 
estimated 1915 





Population per square mile 
Basin Area _ Total Urban 


1915 1910 1900 1890 1915 1910 1900 1890 








Sq. miles 
RIOR NDILY occ nmcane-sas— a= 11,677 | 100.6 91.8 75. 0 63. 4 35. 7 31.3 20. 3 1% 
Monongahela__------------ 7,333 | 146.7] 126.2 87.4 61. 5 58. 7 48. 1 23. 8 10. 
MPV OL Se oe 20 Se St = th 23S 3,148.| 157.8] 139.21 104.1 89. 1 96. 1 79. 7 47.4 32. 
Beskiveui: ---+-<---—>--— 7, 989 81.4 Tio 69. 4 65. 0 33. 5 29. 4 20. 6 15. 
Little Kanawha--_.------- 2, 281 40. 0 40. 0 40. 0 33. 9 ML Us Bia Oe] ee <eet Oe eee ae 
(8 ote) Pathe Aad a ad al tag 1 227 96. 1 89, 9 78. 2 73. 7 32. 3 28. 2 19.5 19. 5 
Beatiawiite 2 sense een le, Ore 49. 2 44. 4 35. 3 28. 3 5.5 4.6 2.6 1.3 
mapyandottesocecl sce. 2 1, 659 43. 3 38. 2 29. 3 25. 0 bs ae serps Sy ns Eee as ae BES 
Pee Saad you! a) So: 5: +. => 4, 219 55. 6 47.8 32. 9 22. 8 0. 8 Ose te oh hal ok 2 ee 
MOlOtOs 22 $2 2 Ft A S2 oe ee 6, 529 88. 8 84.7 76. 8 69. 1 47. 2 41.8 31. 4 23. 6 
Little Miami-_-------.---- 1, 782 62. 5 63. 5 65. 4 66. 0 9. 1 8.9 8.5 7.6 
marek ings re 44 on 22 oo 2 2S 3, 651 49. 5 50. 9 53. 7 48. 5 6. 1 5. 6 4.8 4.3 
Bitomii we Se 2 ot $252 245.225: 5,396 | 113.4] 107.0 95. 1 90. 6 59. 6 54. 8 42. 6 33. 5 
AAT S ee en 7, 059 52. 0 50. 6 48. 0 42. 2 10. 0 9. 0 6. 9 5.5 
Aiea een eae rae eeaeeeamengen gl 2, 851 46. 3 45. 5 43. 9 42.3 3.5 3. 4 5. 1 3.0 
BNOOM + sek. 2: 5. Ss 2 oc sot 9, 154 46. 4 45. 4 43. 8 40. 1 2.8 2. 4 1.6 0.8 
(SUES 0 ot, Ae lei i aan 32, 476 71.0 69. 1 65. 6 56. 7 28. 0 25. 3 19, 2 12.1 
BaINnGs Shee o> ce Ss. o- 5-32 1, 164 56. 7 54. 1 48.9 45.71 9.7 a DIN ant al eee ee 
aimberand.-.-.:.------- 17, 936. 50. 6 48, 2 43. 8 38. 0 9. 4 8.7 6. 2 5.6 
Pennessee. 5225-8252 2222-222 40, 608 46. 3 44.0 39. 8 34, 7 6.0 5. 2 3. 6 2.6 
Minor basins and Ohio 
Rivereirect.._<s-...-.-= 22,479 | 147.2 | 139.0 123, 4 105. 9 91.8 84. 5 69. 4 54.0 
Total basin._-------- 202, 691 75.9 71.4 62. 9 54.4 28. 1 25. 1 18.6 13. 4 





TABLE No. 36.—Decennial increase in population of the principal tributary basins - 
of the Ohio River—Percentage change in total, urban and rural population, 1890- 
1900 and 1900-1910 








Percentage increase 








Basin Total Urban Rural 
1890-1900 | 1900-1910 | 1890-1900 | 1900-1910 | 1890-1900 | 1900-1910 
REO AGN Y 2 ens eee Oe he a eee 18. 2 22. 4 60. 7 54. 2 7.6 10. 6 
meonanvahoay o. 7 oe oe ee Se ee 42. 0 44.4 123. 8 102. 4 24.9 22. 7 
TS Es A Rs UE ie age oS FE eaten ae 16.8 33. 8 47.9 68. 2 10.5 5.0 
Muskingum. --_-_-__ LR She Sy Sk + 2 idee Se 6. 8 11. 2 3.4 4.2 11.6 12.0 
Beret ninaw die eee So te 18.0 Os Op ae eS OU ee Sen 18. 0 0.0 
pCa Wes peer oe ee te 6. 0 15. 0 0.1 44.5 8.2 5. 2 
0 yA kg a SR Oe ce 25. 0 26. 0 Lis 7.8 21.0 21.8 
PU PINICOUt Se, fost Pe ee te 17.0 “fo ele eae gece A See a 17.0 31. 2 
ESET ae ot a aa eet eee 44.4 EB Sea Es Sere 44.4 42.7 
ee OS TaN BEES Geo aS Seen alee 11.1 10.3 32. 8 ie | 10,15 15.5 
Date iia ot oe eet on cee 10.9 12.8 13. 0 4.7 12.9 . 13.9 
ae BS Ee a eS eS eh 10.8 161 13. 0 18. 2 10. 6 17.4 
ae ini be 0 ip! ng es RS 2 aie 78 a ee ok ah 5.0 12.5 27. 2 28. 6 18,1 10.5 
BROCK Yor eee eel te eet ee ok 13.8 5.5 26. 9 31.2 11.9 1,2 
NEE SSC GE aS Ae ie eh Sen ee 3.8 3. 4 2.4 7.9 3. 9 3.1 
2) ia Ge ee eS ee Rae Bae. 9.0 3.9 85. 2 58. 3 7.3 1.9 
ETE 6 Sok oo Mi ll aD Bh ee Spb i a Be 15.6 5.3 57.7 31.8 4.1 15.6 
She SS oe ee 2 — a 6.9 Te ie ee aoe. 5 = 6.9 14.8 
DIOTIGNG) set. bet ee ee 15.4 10. 2 12. 2 40. 5 15.9 5.1 
Mennessebs- tw ee eS ce eS 14, 4 10.7 36. 3 46. 4 12.7 Naw 
Minor basins and Ohio River direct____--- 16. 5 12.6 28. 4 21.8 4.1 0.8 
 OLGE WIGSIT oe. Bt ee ott oe a 15. 63 13. 48 38. 12 35. 55 8. 28 4, 25 


1 Decrease. 
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: ; | 

TaBLe No. 38.—Density of population of the Ohio River Basin above designated — 
points on the main river—Total, urban and rural population per square mile for 
1890, 1900, 1910, and estimated 1915 


Population per square mile 





Point Total | Urban Rural 


1915 | 1910 | 1900 | 1890 | 1915 | 1910 | 1900 | 1890 | 1915 | 1910 | 1900 | 1890 


ee, pe ee | ee eS ey ee oe a oes ee eee, a a PS 


Below Pittsburgh-__-_-_- 148. 7 | 133.1 | 103.6 | 80. 





8 | 74.6 | 65.8 | 45.4 | 29.9] 74.1 | 67.3 | 58.2) 50.9 
Above Wheeling----_-_- 156.7 | 139.3 | 106.4 | 84.6 | 79.6 | 69.4 | 45.7 | 29.81] 77.1 | 69.9] 60.7] 548 
Above Cincinnati in- 
cluding Little Miami 
River. 32o 0 ee = 98.0 | 89.4] 73.2 |} 61.3 | 41.0 | 35.6 | 24.3 | 16.6 | 57.0 | 53.8 | 48.9) 447 
Below Cincinnati and 
above Miami River___| 102.2] 93.8] 78.0] 65.8 | 45.6 | 40.2 | 28.8 | 20.6 | 56.6 | 53.6 | 49.2! 45.2 
Above Louisville______-- 98.1] 90.6 | 76.3} 65.3 | 43.0 | 38.1 | 27.5 | 20.0] 55.1] 52.5] 48.8) 45.3 
Above Evansville_____-- 93.2 | 86.6] 74.0] 63.8 | 39.8 | 35.4 | 26.0] 19.1 | 53.4 | 51.2 0} 44.7 
Above Cumberland / 

TVET cn bee See Le 87.4 | 82.0| 71.8 | 61.9 | 36.8 | 32.8 | 24.2) 17.3 | 50.6) 49.2] 47.6 | 446 
Above Tennessee River_| 83.3 | 78.2] 68.4] 59.3 | 33.7 | 30.1 | 22.0 | 16.1} 49.6 | 48.1 | 46.4} 43.2 
Above mouth_._-__.-_-- 75.9} 71.4] 62.9} 54.4 | 28.1] 25.1) 18.6] 13.4] 47.8 | 46.3) 444) 4L0 

1 








As is readily seen from these tables and figures, the population is 

decidedly more dense in the northern than in the southern portion of 
the watershed; and more dense in the eastern than in the western 
portion. Of the major tributary drainage areas shown in Tables 34 
and 35, the most densely populated is the Beaver watershed, with 158 
inhabitants per square mile. Next in order are the watersheds of the 
Monongahela (147 per square mile) the Miami (113 per square mile) 
and the Allegheny (101 per square mile). The greater density of 
population upon the northeastern part of the watershed is due to the 
greater industrial development, especially in the coal and oil fields. 
The greater density of rural population in these areas is due not to 
more intensive agricultural development, but rather to the greater 
concentration of population in small industrial communities which 
are Classified as ‘“‘rural.”’ 
_ Due to the greater concentration of population in the region 
around the upper part of the river, the density of population in the 
entire area above successive points on the main stream decreases from 
157 per square mile above Wheeling to 76 per square mile at the mouth 
of the river, as shown in Table No. 38. Also, in passing downstream, 
the ratio of urban to total population steadily decreases. Thus, the 
urban population constitutes 51 per cent of the total on the water- 
shed above Wheeling; 42 per cent of that above Cincinnati, and 37 
per cent of the total above the mouth. It follows that, even in the 
absence of any natural agencies of purification, mere physical dilution 
would tend to decrease the concentration of poilution due to urban 
sewage in passing downstream from Pittsburgh to the mouth. 
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SEWERAGE 


As the urban population which is of the most definite significance 
in relation to stream pollution is the population tributary to sewerage 
systems, it will be convenient, in the further analysis of the distribu- 
tion of urban population, to add statistics as to sewerage. When 
this study was begun no complete statistics were available from any 
single source as to the population served by sewers in individual com- 
munities on the Ohio watershed. Unpublished records as to the 
sewerage of some communities were on file in the offices of the State 
health authorities in several States; and by courtesy of the State 
officials these were made available and have been freely used. For 
the most part, however, the data here presented were collected by 
engineers and medical officers of the Public Health Service in the 
course of a special survey made during the years 1914 and 1915. 
The localities from which information was thus collected at. first- 
hand included all the urban communities of whatever size located 
directly upon the Ohio River, as listed in Table No. 40 below. In ad- 
dition, a total of 133 communities situated upon tributary water- 
sheds were visited, including all municipalities of 8,000 or more 
inhabitants, and a number of smaller size. The aggregate population 
of the communities visited on the Ohio and its tributaries is estimated, 
as of 1915, at 4,960,000, which is approximately 87 per cent of the 
entire urban population on the watershed. 

In the communities visited information as to the extent of their 
sewerage systems was obtained from the local officials, supplemented 
to some extent by inspection, and, so far as possible, checked against 
the records of the State authorities. Public institutions and large 
industrial establishments situated in the vicinity of the surveyed 
cities, but not connected to the municipal sewerage systems, were 
also visited in order to obtain records of their sewerage. As to the 
small communities which were not visited, data were collected in 
part from the records of State health authorities, and in part from 
correspondence with local officials, leaving only a small residue to 
which it has been necessary to apply estimates without specific 
information. — 

The estimates of sewered population as finally compiled are by no 
means exact, chiefly because in many communities there are no 
exact records of the population tributary to sewers. The data are, 
however, as accurate as could be obtained without excessively labo- 
rious and expensive investigation, and are believed to be sufficiently 
exact for all the purposes of this study. In so far as they may be in 
error, it is considered more likely that they understate rather than 
overstate the sewered population. 

_ Distribution of sewered population on the watershed.—A summary of 
sewered population upon the principal drainage areas of the Ohio 
watershed is presented in Table No. 39, along with statistics of urban 
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population, which are repeated from Table No. 34. 


each area, but these figures will be discussed later. 


TasLE No. 39.—Urban and sewered population of the principal tributary basins of 
the Ohio River—Statistics of urban, total sewered, and sewered population tribu- 


tary to treatment plants (estimates as ag July 1, 1 91 5) 
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The summary | 
also shows the population tributary to sewage treatment plants in 


Percent — 





Sewered population 
of 
Per cent | sewered 
Urban of popula- — 
Basi popula- Tributary | urban tion 
PEI tion Total to treat- | popula- | tribu- 
(1915) | . ment tion tary to 
} plants sewered {| treat- 
| ment. 
| sae 
RMepHOn ye sett. 2s. ae ee ae 416, 600 347, 000 14, 400 83. 2 4.1 
Monongahelasisess (2-~-batsen tt --a phd 3 429, 800 370, 100 800 86. 1 0.2 — 
PICRVOR ne ee eee 302, 600 220, 000 25, 000 72. 8 Il. 
Muskingem,..- $2 2-4-< - - 3425. op 7) = ies 267, 700 173, 500 99, 700 64. 8 57.4 
httie Kanawha... 2% Ose toe eee None one. INGHON, fe or oes to ee 
Hocking 4 =f. 0-becstl crs-- eee eee 39, 700 18, 000 None. 45.4 None 
TROMGW te ee ee eee eee 66, 800 52, 900 1, 200 79. 4 2.3 
Won ORG Se sk ent eee None None. None. Wdne-s |. bce sf 2 
SIRT 2 ete Wt ee eee, a eee 3, 600 ! 6, 900 None. 1192 None 
Scioto. 2... ! Se Ak ee Se 308, 500 248, 200 230, 400 80. 5 92. 7 
Bie miigmi sn ee Se oe ee ee 16, 300 6, 200 4, 300 38. 0 69. 4 
Gickng = 2 ish Pe Ae ae ee 22; 200 9, 500 4, 800 42.7 50. 6 
TWENTE 1 Rens So SAE BY eee, eee 321, 500 180, 400 11, 500 56. 0 6.4 
Sentueky wn ey ty eS DR eee 70, 500 24, 500 2, 400 34.8 10.0 
PeeWee. Peis | ROK Se eee 10, 000 4, 300 1, 800 43. 0 41.7 
Gti Bi pe pee ney Une sg Oe SRT. ye 25, 500 2, 300 1, 100 9.0 47.8 
VTS) SER. ee Ot” ee ee 907, 800 501, 200 49, 700 55. 2 9.9 
Baling. 3:2} des - or ce er ee ee ee eee 11, 300 1, 200 None. 10. 6 None. 
POUTMOMAN a aoe ee Se 168, 500 87, 200 4, 400 61,7 5.0 
Tennessee .4 4 ce cuy- pence 2 ioe LO ee pee 242, 800 172, 700 4, 700 71.0 237 
Minor basins and Ohio River direct ?_____.____ 2, 062, 900 | 31, 680, 500 4 27, 700 81.3 0.7 
TOt0)_. Jo0cse0 «cas ty lect 5, 694, 600 | 4,106, 600 | 483, 900 72.1 11.8 


"1 Sewered population on Big Sandy includes a number of small communities classed as “rural,” hence 
it exceeds the urban population. 

2 Includes Chartiers Creek, Little Beaver, Raccoon Creek, Mill Creek (at Cincinnati), and other minor 
OF Bewered pophiation includes 38,800 on Chartiers Creek (Pittsburgh district), 10,000 on Little Beaver, 
2,000 on Raccoon Creek, and 2,800 on small tributaries. 

4 Population tributary to disposal plants includes 17,100 on Chartiers Creek and 7,000 on Little Beaver. 

According to this summary the sewered population on the entire 
watershed amounts to 4,106,600, which is 72 per cent of the urban 
population, Actually, something less than this percentage of the 
population resident in urban communities is served by sewers, since 
the sewered population given in the above table includes that of some 
communities which are classed as rural; but this number is hardly 
enough to make a significant difference in the total. The densities 
of sewered population in the major drainage areas of the Ohio Basin 
are indicated in Figure No. 13, from which it may be seen that the 
distribution of sewered population is generally similar to that of 
urban population. (Compare Figure 11.) The greatest densities 
are in the area around the confluence of the Allegheny and Monon- 
gahela Rivers, which includes the Pittsburgh metropolitan district; 
and in the central area which includes the Cincinnati and Louisvilld 


metropolitan districts.’ Of the major tributary drainage areas, 





7 As shown in Figures 11 and 13 the combined population of the Cincinnati and Louisville metropolitan 
districts is distributed over the entire area which drains directly to the Ohio River between these two cities. 
Actually this population is concentrated in twosmall areas, around Cincinnati and Louisville, respectively; 
and the population on the intervening drainage area is quite sparse. 
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Fic. 13.—Density of sewered population on the Ohio River watershed by tributary drainage areas, 1915 
-95404°—24. (Face p. 68.) 
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Bree having the greatest densities of sewered population are the 
watersheds of the Beaver, Monongahela, Scioto, and. Miami Rivers, 
in the order named. | 

_ Distribution of urban and sewered population directly upon the 
Ohio Riwer.—A noteworthy feature of the distribution of urban 
population on the Ohio watershed is that it is concentrated to a 
remarkable extent in communities situated directly upon the Ohio 
River itself. Thus, as shown in Table No. 39, the communities 
situated directly upon the Ohio* comprise about 36 per cent of the 
urban population and a little over 40 per cent of the sewered popu- 
lation of the entire watershed. As the urban and sewered popula- 
tions located immediately upon the main stream are of special 
importance in relation to this study, their distribution is shown in 
detail in Table No. 40, and indicated graphically in Figure 14. 
This figure also shows the location of the stations on the Ohio River 
from which samples were collected for chemical and biological exami- 
nations; and Table No. 41, summarizes the urban and sewered popu- 
lations between consecutive sampling stations. This latter table is, 
however, inserted chiefly for reference in connecti ith the results 
however, inserte y efere onnection wi 

of chemical and bacteriological examinations presented in Sections 


V and VI. 
Oe, 


Taste No. 40.—Population of urban communities situated upon the banks of the 
Ohio River—Incor porated places of 2,500 or more inhabitants in 1910, with dis- 
tance by river from Pittsburgh and population in 1890, 1900, 1910, estimated 
191 5, and estimated sewered in 1915 











a Population 
a Dis- Shane 
= tance sewere 
~~ Municipality State from er Me popula- 
= Pitts- (esti- 1910 0 1900 6 1890 2 tion, 
ee . burgh | mated) a wwige 
> mete | a |e 
i Miles. 
Pittsburgh metropolitan | Pa___----- 0 | 1,153, 108 | 1,042,855 | 792,968 | 543,516 | 4827, 300 
‘district.¢ 
Mempridge. (oes 22.b..-.-- | Paik Sea 16 (¢) Bi 200.12 eae a fe. eee 4, 900 
Meet ee Hag: sto a 23 (é) 3, 060 1, 783 704 2, 700 
RS 2 eu oo coe Pas Se 25 e) 3, 376 2, 008 1, 494 1, 900 
Oo: Sy ee ee ASAT hapa biae 20 é) 5, 903 4, 688 3, 649 3, 500 
EST ME 9 yl ‘Pas yee. 26 é) 3, 456 2, 348 1, 552 2, 300 
Additional tributary to |..-----------|--------]-----------|-----------|-----------|-------rr0- f 42, 100 
- sewers, Pittsburgh to 
~ Pennsylvania.—O h i o 
State line: 
meetpeter.._..--)-.. W.Va. -- 43 (6) Pap a ag DAR BEAD p At 3 - 2, 000 
© East Liverpool. __.__--- Ohio-__...- 44 22, 231 20, 387 16, 485 10, 956. 10, 200 
We Wellsville.“ ._..) 2... Ohio__-.-- 47 (e 7, 769 6, 146 5, 247 6, 000 
Toronto!) 2... 20. Ohio -.. 60 (é 4, 271 3, 526 2, 536 1, 400 
Additional tributary to |.----..-----|--------|-----------|-----------|-----------|----------- 7, 600 
Sewers, Pennsylvania.— 
pt ‘aa ae: line to Steu- 
 benville: 
WY Steubenville...) 4. Ohiove? * 68 26, 631 22, 391 14, 349 13, 394 12, 900 
Mingo Junction -___---- Ohio.’ ==. 71 (€) 4, 049 2, 954 1, 856 1, 400 
on Wellsburg.._______2-_-- W.Va_-_-_- 74 (¢) 4, 189 2, 588 2, 235 1, 600 
_ Martins Ferry--.__-._-- Ohioz2s.2s 88 9, 857 9, 133 7, 760 6, 250 6, 100 


_ @¥stimates from U. S. Census Bulletin No. 138. f 
' > Population by Federal census, Apr. 15, 1910, June 1, 1900, and June 1, 1890, respectively. 
-€ Composition of Pittsburgh metropolitan district given in Thirteenth Census of the United States, 
1910, Vol. X, ‘‘ Manufactures.” . 
_@ Allowance made for night soil discharged to sewers. 
_ £ Not estimated separately. 
7 Includes New Brighton and Beaver Falls. 


__ Including the drainage areas of such small tributaries as Chartiers Creek in the Pittsburgh metropol- 
tan area; Wheeling Creek; Mill Creek in the Cincinnati district, etc. 


% 
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J . 40.—Population of urban communities situated upon the banks of the 

Ohio Peed bor bor bled places of 2,500 or more inhabitants in 1919, with dis- 
tance by river from Pittsburgh and population in 1890, 1900, 1910, estimated 
1918, and estimated sewered in 1915—Continued 














bi Population Total 
is- 
d 
tance July 1, Sewere 
og . popula- 
Municipality State eS mt 5 so10 1900 1800 tion, 
% 1915 
burgh | mated) 
Miles. 
Additional tributary to |--...--,~.-2|--------|--s0qp aden ge <a denne |---------+-|----------- 13, 100 
Revere) Steubenville to 
eling: 
eWipeingsccarec. afld. be ead 4 Vie etl ie ere tees eee Rae 
IAPCDOl . Gok fac coe | tO ee ’ ’ > , 
Shiai: Serer Pi 5 W. Val 94 e) 4, 976 4,511 2, 934 1, 800 
Bei Gos at Ohio.....- 94 14, 122 12, 946 9, 912 9, 934 9, 200 
MeMechen..._.._--_-_- W.Va___-| 96 (e) 2, 921 1, 465 427 2 Oo 
Additional «. tributary), to.ts.20 eo see ee el ee ee ae we , 90 
sewers, en to } 
ille: : . 
ous oav ile _ eee Le W. Va-_--- 101 10, 793 8, 918 5, 362 2, 688 5, ae 
Sistersville_.__....._.__- W. Via 137 (¢) 2, 684 2, 979 469 3, 
Mrariettais! 22270420". Ohio? (se. 171 14, 699 12, 923 13, 348 8, 273 +! a 
Additional) ..tributgry, jt, |.~.-4 5 -yeeclacsha-suhy t- Ian, 3 eval bows-eesers ecole so } 
sewers, nina ia to 
i m River: 
aad cage lone W.Va... 184 20, 165 17, 842 11, 703 8, 408 20, 000 
Pointeroy see.) ae al Ohidsecy 249 te 4, 023 4, 639 4, 726 800 
Middleport_________-__- Ohio. == 252 e 3, 194 2, 799 3, 211 1, 000 
Additional . @ributary:; to (236 cteeh -tL- aoa Tel. VES ee es. 1, 200 
phelghish oe River 
anawha River: 
OGalloclic Sate c ibe Spey OMe. Fe -2 269 (¢) 5, 560 5, 4382 4, 498 2, 700 
Huntington oe W. Va... 308 43, 571 32, 863 13, 373 10, 108 30, 900 
Additiogbal Ssributary. to.) ioc... 5.23. - 1.2 ae ek hoe) - nce clea we ete ee hc. ee 2, 500 
ate sore ee River 
to Big San iver: 
Cisloutsheans eee Caer 1 5G eee oer 317 (e) 3, 520 3, 081 1, 374 1, 200 
ASTMATICS 8 coe ay peek 4 eee 322 9, 683 8, 688 6, 800 4,195 5, 000 
BTOULOTE. 2 ere Ono. 2." 327 13, 819 13, 147 11, 868 10, 939 4, 800 
Portsmouth se So Ohio. . 2. - 355 28, 126 23, 481 17, 870 12, 394 7, 000 
AMGitiOns! “Criteria ae tecicmsd = gine ee IO ICs os ut arcades ek otter oe 5, 800 
oe Sandy River 
to Scioto River: 
Maysville... 2222772, 1 co, eaees. Sing 407 (¢) 6, 141 6, 423 5, 358 2, 400 
Aabatiotiel tributary /t0-\55.. 235. 2 a ee se 400 
sewers, Scioto River to 
Little Miami River. } 
Cincinnati metropoli- | Ohio & 468 594, 733 563, 804 495, 979 436, 461 494, 300 
tan district: 9 Ky. 
Lawrenceburg. -__.--._- mmndew soot 491 (¢) 3, 930 4, 326 4, 284 0 
AAT OPES ce ete Fae aes POU 22s. 495 (¢) 4, 410 3, 645 3, 929 600 
Madison... 5. 4 -suw-m ING picnic, 555 (¢) 6, 934 7, 835 8, 936 800 
a PAR 8 tea gy eal ality Senge Ciecadns nia De | J Mic Sea Fob. od tas berg ft 300 
sewers, Miami River to 
Louisville: 
Louisville metropolitan Ky & Ind. 601 306, 183 286, 158 259, 856 233, 544 | @ 179, 800 
district. 
oF Ol OMG oe dee on Ind s.-3- 723 (e) 3, 369 2, 680 2, 094 800 
Rockport-.-.-..4-225 2. LY Ree 743 e 2, 736 2, 882 2, 314 300 
Owensboro. -_.-.-...---- i 4 epee 752 17, 498 16, 011 13, 189 9, 837 5, 100 
AOditioga:. ‘tributary. toed os] 1. hobo. du nc] coheed tock Eee eee re 900 
sewers, Salt River to 
Green River: 
Hvansvilles ot etisu5 ae Inde... 787 72, 125 69, 647 59, 007 50, 756 36, 200 
Henderson.______._____- TO ey 798 12, 072 11, 452 10, 272 8, 835 3, 200 
Mt. Vernon. ae Ing) sea 24! 823 € 5, 563 5, 1382 4, 705 1, 800 
dptiedonial “TCMery AO fen degen atheut dnt. .- 1 a fucd sot dee een 800 
sewers, Green River to 
Tennessee River: 
Paducah_-......-.---..- BV es i 924 24, 506 22, 760 19, 446 12,797 | 415, 700 
Metropolis--_-..---...- Thos napus 933 e 4, 655 4, 069 3, 573 1, 800 
OnnG Vity....-- eas Til Sega tes 962 e) 2, 837 ae 0 
Cairo..-..--.....------- Tl .t-n5s-y- 967 | _-15,593 | 14,548 | . 12,566] 10,324 6, 200 
Totals... -2-.2-2-022--|------22 20] 2, 530, 500 | 2, 367, 484 | 1, 925, 588 | 1, 513, 615 | 1, 863, 200 





Nore.—In the urban population for 1890 and 1900 are included all communities incorporated prior to 
these respective dates, and having, in 1910, 2,500 inhabitants or more. 

@ Allowance made for night soil discharged to sewers. 

¢ Not estimated separately. 

9 Composition of Cincinnati metropolitan district given in Thirteenth Census of the United States, 
1910, Vol. X, ‘‘Manufactures. ’’ 


h Composition of Louisville metropolitan district given in Thirteenth Census of the United States, 1910, 
Vol. X, ‘‘Manufactures.”’ : 


SOURCES OF POLLUTION 71 


Sake << oe. > 


Pious No. 41.—Urban and sewered aah situated upon the banks of the 
_ Ohio River between consecutive sampling stations—Urban population for 1890, 
- 1900, 1910, estimated 1915, and estimated sewered porubacton 1915 


‘ 
r 





Urban population 

Sewered 

; j popula- 
Between sampling stations July 1 tion 1915, 

: ‘ 
1915 (esti-| 1910 1900 1890 | _ (esti- 

mated) mated) ! 
Monongahela 12, Tying ty 9nG-Ohio'd 40-22 4 8 819,400 | 742,818 | 565,959 | 388, 330 710, 500 
Ohio 3, and Olle 1222 or trrl loa -oniuiil. 44, 800 35, 082 17, 175 3, 902 35, 200 
Ohio 11 and Ohio 19 2 EEE RR TEE 14, 900 13, 242 3, 930 2, 997 35, 700 
mute de Cth Ce teon ty. Aah icc byes te.dyaceeiicae ! Stony: _cegvticig. ue. ope 8, 900 
OR OS 5 O68 0 RR aS A 18, 300 15, 795 10, 827 7, 399 316, 700 
mio, 29 and Ohio G5 § eis} oy Ss ae tippers ty 39, 000 35, 611 26, 157 18, 739 31, 300 
RETO O) AE1C AONE Bee ee 36, 300 30, 629 19, 891 17, 485 24, 500 
mo 77 end Obio Sh272 srop0- - pho) pies 2 =] 9, 900 9, 183 7, 760 6, 250 10, 600 
(ESTAR GG SULT Cae (i SO a ea aie a ee 69, 200 66, 458 58, 729 51, 186 59, 500 
enio.97 and Ohio,104. 222. oy clesizerrich: -wooesry: 10, 800 8, 918 5, 362 2, 688 5, 300 
| OBES GS tal O10 RS I I a ea 120,900 | 104, 444 76, 022 56, 201 89, 800 
Phio 349 and; Ohio 355¢2 os 2e73- arit_weisicet 28, 100 23, 481 17, 870 12, 394 10, 200 
rat FATS URL Ors eee ere eee ee es ee. A oe Eg 0 
ahio sp8 and Onto 46h. _2vseceirt- sacl i Alehw yt: 6, 000 6, 141 6, 423 5, 358 2, 800 
mroser and OMmGasaes- 22) 2 > 594, 700 | 563,804 | 495,979 | 463, 461 494, 300 
DJhio 475 and Ohio 482___.._ 22-2222 2-2 like YE. Deere pigvere| 2h tite Ete pte. 0 
GAS ONG ONO 45h. cose ue ee PTE Bae an) ese re a te Ca oie 0 
eni0 483 and ‘Olio 4927 771. ascot erly eb toss - 6: 8, 700 3, 930 4, 326 4, 284 0 
mt 492 BT O10 D4a52 5 ee cek ts eo 4, 900 4, 410 3, 645 3, 929 900 
Ey Ot WHC 0) HIG Um ee eer Si) 6, 500 6, 934 7, 835 8, 936 800 
ei oos Ane emiO Gtk. war pe ee ee ee 306, 200 | 286,158 | 259,856 | 233, 554 179, 800 
Rese turied eae Chest ee es ee oe fe A a eee ree tol 2 el eee 0 
BainG19.and Ohio 004s.1 lou. se ce enen day se sindice 113, 900 | 108,778 93, 152 78, 541 49, 100 
SEW SOY E RUG, PED Ee Ogee alee ST Sealey ert te Reel, alr Se wal er" sear (UE ay ae Teme 0 
See U2) Te CO D202 Ss Ne eee eS 24, 500 22, 760 19, 446 12, 797 15, 700 
ETL UO eRSAUITCL CPCS ce eee FS oo ee Le eed 5, 000 4, 655 4, 069 3, 573 1, 800 
maniG: Ose ANd CUNO SOier Lee. 2 Ps ee 18, 500 17, 385 15,2714 10,324 6, 200 


Note.—Under urban. population are included all incorporated places having, in 1910, 2,500 or more 
nhabitants, except that communities incorporated, between 1890 and 1900 or between 1900 and 1910, and 
laving a population less than 2,500 in 1890 or 1900, are omitted from the 1890 and 1900 population groups. 


1 Includes large industrial plants sewered directly to the river if same are not in metropolitan district. 

2 Part of Pittsburgh metropolitan district. Not including unincorporated communities nor portion of 
listrict above M-12 and A-7 

3 Total Cincinnati metropolitan district. 

4 Total Louisville metropolitan district. 
_ As shown in Table No. 40 and Figure 14, the population along the 
Jhio River is comprised chiefly in the metropolitan districts ° of 
Pittsburgh, at the confluence of the Allegheny and Monongahela 
Rivers; Cincinnati, 465 miles downstream; and Louisville, 600 miles 
delow Pittsburgh. The metropolitan district of Pittsburgh furnishes 
ubout 56 per cent, that of Cincinnati about 29 per cent, and that of 
uouisville about 15 per cent of the entire urban population on the 
iver. To the sewered population they contribute, respectively, 
95, 33, and 12 per cent. 

It may be seen from Figure 14 that the urban population not 
‘omprised within these metropolitan districts is more thickly dis- 
ributed along the first 100 miles below Pittsburgh than in any other 
yart of the river’s course. It is likewise in this region that the most 
apid increase in urban population has taken place since 1890, with 
rn The term ‘‘metropolitan district,’’ as used here and elsewhere in this report conforms to the definition 
riven by the U. S. Census Bureau; that is, it includes, in addition to the population within the limits of 
he central city, the population in ‘‘adjoining communities which may be considered as intimately asso- 
jated with the urban center.’’ The term is used only in connection with cities of more than 200,000 popu- 


ation. The metropolitan districts of Pittsburgh, Cincinnati, and Louisville are as defined in the Abstract 
fthe Thirteenth Census of the United States, 1910, pp. 61-62. 
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the result that the center of urban population has moved steadily 
upstream. ‘Thus, in 1890, the midpoint of urban population resident 
directly upon the banks of the river was at Cincinnati, 465 miles 
below Pittsburgh; in 1900 this midpoint had advanced to Gallipolis, 
269 miles below Pittsburgh; while by 1910, a further advance had 
been. made to Wheeling, only 90 miles below Pittsburgh. It is 
probable that this advance will continue, due to increased industrial 
activity in the upper watershed, a consideration that is of some 
importance from the standpoimt of future pollution. | 

Distribution of urban and sewered population by distances from 
stated points.—Due to the action of agencies of natural purification, 
the pollution which any given unit of population contributes to the 
river system which receives its drainage, diminishes as distance from 
the source increases. It is, therefore, made the basis of classification 
in Table No. 42, following. In this table the urban population, as 
of 1910 and 1915, and the sewered population as of 1915, are dis- 
tributed on each watershed according to distance by water from the 
mouth of the tributary.” 


Taste No. 42.—Urban and sewered population of principal tributary basins’ of 
the Ohio River, arranged by 50-mile zones from the mouths of the respective tribu- 
taries 


[Urban population 1910, estimated 1915; estimated sewered 1915, and sewered to disposal plants, 1915] 





Urban population Total sewered 


population 
Distance 
? ; zone 
Drainage basin frost Fide se Sewered 
mouth + shat: -®- 11915 (esti-|_ to dis- 
1915 (esti-| Census, mated) posal 
mated) 1910 plant 
Miles 
Allegheny River .32 teers te eee ee ee eee ee 0- 50 88, 302 77, 431 68, 600 0 
50-100 24, 511 21, 052 27, 500 8, 500 
100-150 177, 103 153, 309 127, 600 1, 700 
150-200 36, 780 30, 852 30, 400 1, 500 
200-250 86, 844 78, 993 83, 900 wg, TOU 
250-300 3, 039 3, 100 9, 000 0 


Monongahela Kiverts 20° 2cceeBen eae eee ee O- 50 | 298,495 | 250,254] 246, 100 800 
50-100 65, 596 52, 501 56, 400 0 
100-150 38, 209 27, 886 34, 600 a 


150-200 |. . 27,459 | 22,024} 33,000 


Chagtiets Crebk 35 ie ee a Oe 0-50! 45,655 | 39,804] . 38,800 17, 100 


Beater Rivebeat de beclas -dsh-oba ra tosks ee 0- 50 | 254,962 |. 210,069 | 182, 200 2, 000 
50-100 ; 29,279] 25,934] 22, 200 7, 400 
100-150} 18,339 15, 083 15, 600 15, 600 





Littié Beaver River 2 soe eee ee 0- 50 19, 326 18, 229 10, 000 7, 00 


10 These summaries are made up from detailed tabulations showing the population of each urban com- 
munity and its approximate distance from the Ohio River. As these detailed tabulations are voluminous, 
and of limited interest, they are not included in this report, but are kept on file by the Bureau of the Public 
Health Service and are available for reference. . 
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Taste No. 42.—Urban and sewered population of principal tributary. basins of 
the Ohio River arranged by 50-mile zones from the mouths of the respective tribu- 
taries—Continued 


Viuskingum 





Drainage basin 





[Pah giicee.. Sea at p. “El Saeed ent x 5 


Biotie-K anawiha River. oe ee panne 


SCRA OUR VG. > same. £ ON oF ee ee ak 


eT OKU AC NUOY Se eee oe saa es ie 


RACCOON ar ete cee es 2S be 


tuyandotte 


Rovere nee een 8c 


BEATA VL RAWOP eco) A fr Fare eee 


Scioto River 


Little Miami River 


Licking River 


Miami River 


ee ee en ee ee ee ee ee 


Distance 
zone 
from 

mouth 


Urban population 


Total sewered 





en See 


0- 50 
50-100 


0Q- 50 
50-100 
100-150 
150-200 
200-250 
250-300 


0- 50 
50-100 


0-160 


0- 50 
50-100 
100-150 


0- 50 
50-100 
100-150 
150-200 


0- 50 
50-100 


0- 50 
50-100 
100-150 


0- 50 
50-100 
100-150 
150-200 


0- 50 
50-100 
100-150 
150-200 


0- 50 
50-100 


0- 50 
50-100 
100-150 
150-200 
200-250 





July 1, U.S. 
1915 (esti-| Census, 
mated) 1910 
"34,590 | 31, 054 
43, 299 37, 950 
169, 699 150, 189 
20, 148 15, 584 
0 0 
21, 453 18, 922 
18, 266 15, 652 
0 0 
28, 822 22, 996 
0 0 
9, 744 9, 744 
25, 132 20, 197 
3, 081 3, 054 
0 0 
6, 258 6, 875 
0 0 
od kee ee 3, 561° 
"97,816 | 26, 720° 
229, 872 | 200, 842 
50, 800 45, 283 
2, 607 2, 698 
13, 664 13, 197 
0 
10, 307 9, 462 
11, 927 11, 088 
39, 655 35, 279 
176,321 | 162,170 
96, 498 90, 223 
9, 076 8, 238 
0 0 
55, 591 50, 097 
14, 942 13, 695 
0 
0 0 
10, 006 9, 636 
0 0 
8, 847 7, oll 
0 0 
13, 083) 12, 284 
3, 536 3, 063 





population 
_ | Sewered 
1915 (esti-| to dis- 
mated) posal 
plant 
1, 200 0 
12, 200 0 
20, 800 0 
125, 900 90, 200 
13, 400 9, 500 
0 0 
11, 600 0 
6, 400 0 
0 
30, 400 0 
700 0 
7, 400 0 
12, 800 1, 200 
i 0 
0 0 
2, 000 0 
0 0 
300 0 
5, 000 0 
1, 600 0 
0 0 
9, 600 1, 000 
207, 100 203, 600 
31, 500 25, 800 
1, 800 0 
4, 400 4, 300 
0 0 
4, 700 0 
4, 800 4, 800 
15, 000 0 
115, 200 5, 400 
46, 100 2,.200 
4, 100 3, 900 
0 0 
21, 900 1, 000 
2, 100 900. 
500 500 
200 0 
4, 100 1, 800 
0 0 
1, 200 0 
0 0 
0 0 
1, 100 1, 100 
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No. 42.—Urban and sewered population of principal tributary basins of 
Sha ‘Ohio River, arranged by 50-mile zones from the mouths of the respective tribu- 


iaries—Continued 





‘ Total sewered 
Urban population population 
Distance : 
} P zone 
Drainage basin from July 1 U.S _| Sewered 
mouth y -©+ 11915 (esti-| to dis- — 


1915 (esti-| Census, 


mated) posal 
mated) 1910 plant 





4 
| ae 2,781 | 2,833} 1,500 0 
wert 222 oe oe a ee 0- 50 ; ! : 7 
aban ei 50-100 | 26,105} 23,824] 13,000 4,900 
100-150 | 54,978} 48,368| 18,300 3, 300 
150-200 | 89,330} 78,431 | 40,500 6, 400 
200-250 | 47,406 | 42,414] 18,400 6, 400. 
250-300 | 127,287 | 116,360| 64,700 8, ee 
300-350 | 359,895 | 319,806 | 237,000 20, 200° 
350-400 | 160,904 | 151,458} 91,000 oO 
400-450 35, 223 34, 265 16, 800 0 
450-500 3, 850 3, 493 0 0 
Saline RVers so. seco noel gonna case eae ee ee eee 0- 50 ll, 327 8, 675 iy 200 o 
7% 
Gumberland River - =: 5. .o82..- 425" “Soo oe Rees 0- 50 0 0 0 0 
50-100 3, 258 3, 015 1, 000 0 
100-150 | 19,093 | 17,967 5, 400 2, 400 
150-200 | 115,978 | 110,364 | 72,500 0 
200-250 3, 315 2, 924 2, 200 2, 000. 
250-300 9, 594 8, 338 500 oO 
300-500 |- 0 0 0 0 
500-550 8, 272 7, 080 800 0 
550-600 0 0 1, 800 0 
600-650 8, 962 7, 305 3, 000 | , 
Tennessee Rivers... eos en en coe eee 0- 50 0 0 0 0 
50-100 4, 863 3, 881 1, 000 500 
100-150 0 0 400 0 
150-200 0 0 0 0 
200-250 | 21,909} 20,632 5, 700 0 
250-300 | 15,022] 13,215 8, 000 0 
300-350 | 14,169] 13,978} 11,600 0 
350-400 3, 240 3, 049 3, 800 2, 400 
400-450 | 58,576} 44,604} 50,000 0 
450-500 0 0 400 0 
500-550 | 13,363 | 12,270 4, 100 0 
550-600 3, 392 3, 392 700 0 
600-650 | 47,942 | 44,288} 39,000 0 
650-700 4, 552 4, 007 2, 500 1, 800 
700-750 | 23,592 | 21,352] 27,400 0 
750-800 | 29,092] 24,715 {| 16,100 0 
800-850 3, 086 2, 727 2, 000 0 
Stall streams: ©. cc 3 ee ee ee ne ee ee 0- 50 15, 011 13, 394 2,.800 0 
50-100 4,415 3, 931 0 0 





A more comprehensive summary is presented in Table No. 43, 
which shows the distribution, according to distance, of the entire 
sewered population on the watershed above certain points on the 
Ohio River, including the population on tributaries as well as that 
on the main stream. These distributions above Cincinnati, Louis- 


Be and Paducah, respectively, are illustrated in Figures 15, 16, 
and 17. | 
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Tasie No. 43.—Sewered population of the Ohio River Basin by 50-mile zones by 


water above designated points on the main river 








Sewered population by zones above— 











Distance zone oe se fd é 
wre : orts- incin- ee Sh Mouth of 
) pees ha Wheeling thbinth nati Leuisville | Paducah Ohio 
Pittsburgh ; 
\ he i ae ps 858, 800 51, 700 47, 100 1, 900 800 0 23, 700 
L Seren s 83, 782, 100 9, 7, 100 6, 200 0 
2S irks: Bera 162, 200 461, 500 32, 400 32, 300 532, 000 51, 200 6, 200 
ret ee 63, 400 132, 100 44, 400 244, 700 121, 800 5, 600 51, 200 
= = pelle ei 83, 900 125, 900 25, 200 41, 300 70, 7 101, 300 99, 800 
oa pen! ae 9, 000 37, 000 141, 100 63, 200 51, 200 , 200 19, 700 
cit Ss Seah OE IEE a Sey eit AD 83, 900 138, 600 32, 200 20, 247, 800 54, 900 
Pete eer idiomas 9,000} 1,232, 500 140, 100 245, 400 61, 300 242, 400 
i REE, 2 ta ARS ay ga. fae hs 0 2 ie 116, 500 131, 100 72, 100 294, 400 245, 900 
PCa ee den 22 ee OE ee etree 162, 200 | 1, 186, 400 26, 600 598, 100 629, 600 
BPeere ters Stee eee eee ee 63, 400 53, 900 138, 400 143, 700 : 
eet ae a pers eeher iil tres 83, 900 149, 400 774, 000 , 000 167, 000 
Peer eS oreo eee tits fee Se 9, 000 x 604, 100 84, 700 45, 900 
yoy eee Bee Ea) eee ae eee 62, 000 106, 900 24, 600 89, 000 
5.5 Aue OR DR! WR eee yas eee oe 38, 100 162, 200 272, 500 216, 400 
ONE fae See Tk) ae oo es ae ee ee he 9, 000 63, 400 74, 300 121, 400 
CSQs¢ +) 2./5 Rp. SE ieee ed ee ee eee SOT te 83, 900 105, 600 49, 100 
sere eee ee verre. lee tol rss byere. 9, 000 95, 500 139, 000 
epee eee ire. Seemed: eh ok Os ce ceo boo bee |e BL 795, 900 127, 300 
(ee eke RS eS nn ea are Ms! sre ye 585, 600 1, 159, 200 
ee ee ree ee 2 eee Pe ee eee a a 142, 800 217, 700 
noe ees he ae aaa eames Pei coor emer ee , 900 124, 100 
Ree Risintes ee TEMA ely. feck he lt ed Se Beh GIs lp 62, 600 73, 900 
Ct ye BEM ce OE OR a SE Se | SE See en ee ae 41, 100 65, 600 
eee eee eR he Soe cous | eee uceetaa eee cb uncene 9, 000 38, 100 





1, 683, 200 | 2,105,300 | 2,372,700 | 3,083,100 | 4,062, 900 4, 106, 600 











SEWAGE TREATMENT 


_ In the course of the survey of sewerage in communities on the Ohio 
River watershed data were also collected regarding the construction 
and operation of sewage-disposal plants. So far as could be ascer- 
tained a total of 83 municipal sewage-disposal plants were in opera- 
tion during 1915 on the entire watershed, treating the sewage of 
483,900 people, which is about 11.8 per cent of the entire sewered 
population (4,106,600) on the watershed. 

The largest disposal plants were those at Columbus, Ohio, serving 
a population of about 200,000, and at Canton, Ohio, serving 49,000 
people. With these exceptions the municipal sewage treatment 
plants on the Ohio watershed up to 1915 were all serving small 
population groups. Consequently only 24 of the 80 plants were 
inspected in the survey of the watershed, the remainder being located 
in the smaller towns of less than 8,000 inhabitants, which were not 
included in the itinerary of the field parties. However, the 24 plants 
visited were serving a population of some 360,000, which is about 
75 per cent of the total tributary to disposal plants and fairly com-- 
plete data concerning the plants not visited were available from the 
State health authorities and local officials. 
 -95404°—244—_7 
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The distribution of the population. served by.sewage-treatment 
-plants on the major subdivisions of the Ohio watershed is shown in- 
Table No. 39. ‘The only watersheds having large sewered popula- 
tions of which any considerable proportion is tributary to disposal 
plants are those of the Scioto and Muskingum Rivers, which con- 
tribute 68 per cent of the total served by disposal plants. On 
several other watersheds, where the total urban population is less than 
10,000, the small communities having sewage-treatment plants con- 
stitute more than 40 per cent of the total urban population. ' Of the 
communities discharging sewage directly into the main stream of the 
Ohio River none makes use of any sewage treatment, although. dis- 
posal plants treating the sewage of 27,700 persons are located on 
the drainage areas of small streams which empty directly into the 
Ohio and are classified with the main stream in Table No. 39.) A 
majority of the sewage-treatment plants on the watershed are located 
in Ohio and Pennsylvania, 34 in the former and 14 in the latter State. 

The classification of the 80 sewage-disposal plants on the water- 
shed, according to type and population served, is shown in Table. 
No. 44, which follows: 

Taste No. 44.—Character of sewage treatment on the Ohio River watershed— 


Summary of municipal sewage-treatment plants of various types and of total 
populations served 


Number | Popula- 
Type of plant in opera- tion 








tion served 
Septic.qnd settling tanks.s._ =. 42.0. - oy ck oe ee 31 61; 000 
ItmhiGit tamksi . fi 22202 MEE e hee) ets ce ee ee Oe Se Rae oe nee foe 3 14, 300 
Tanks, followed by: : +. ; 
{nteriiittenixsand filters Mise) STO) Oe OO Sees) 21) ° 42,100 
Contact bedsicl 4.5. pies cee et am aes ieee Sc uhh eR pea see ee >, 14 | ___ 45,800 
Sprinkling filters_2___--_- 495 2. UF. CLUS. SOS AEs os A tee be atk 4 228, 500 
Contact beds and sprinkling filters_____ 4 -._....-.---- 4-3-3. Boe eg Bn 1 5, 
Contact: beds and intermittent sand filters ~ “21.2 2_22_22__2L_ Le id. Cf 3UF \ 5 35 100 
Sprinkling filters and intermittent sand filters________._:________--___---_--- epee ay 
Chemitalprécipitation..iiiu.Stris. ..JJ2Ae LAA. 2A __ Sh ALY ES 1 1 52, 100 














1 Imhoff tank and contact filters installed during 1915-16, subsequent to survey.) 


Of the sewage-treatment plants inspected but few were found to 
be delivering effluents which could be: considered satisfactory, and in 
a considerable number of instances the effluents were little better. 
than the raw sewage. Some plants were found to be operating only 
a part of the time; others were by-passing a part of the sewage, while 
still others were so seriously overloaded that satisfactory treatment 
was impossible. The inspected plants, which were delivering fairly 
satisfactory effluents were serving an aggregate population of only 
43,800. Plants not inspected but presumably operating efficiently 
increase the population served by treatment plants producing fairly 
satisfactory effluents to a total of 97,000. Of the remaining plants, 
a very considerable proportion were of such. low efficiency as 
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to have but little influence in reducing the pollution of the water- 
courses. Since the population of 97,000 served by effective treat- 
ment plants constitutes only 2 per cent of the total sewered popula- 
tion'on the Ohio watershed, it must be concluded that in 1915 the net 
influence of sewage treatment was negligible so far as pollution of the 
Ohio River is concerned, although the more efficient plants were un- 
doubtedly of value in the reduction or elimination of local nuisances. 
The failure of most' of the plants to yield satisfactory results was due 
more to lack of ‘attention in operation, and in some instances to 
inadequate capacity, than to fundamental faults in design. 


DOMESTIC SEWAGE 


Ratios of constituents to sewered population.—During recent years 
a number of different observers have made long-continued studies 
of the volume and composition of the combined sewage (i. e., sani- 
tary sewage and storm water) from various sewered urban areas of 
known population. Such studies of the sewage from residential 
communities, where industrial wastes are a small. item, have fur- 
nished a basis for calculating the ratios between the number of 
people contributing to a sewerage system and the average daily 
discharge of wastes in terms of the weights of such constituents and 
indices as are ordinarily determined in the physical and chemical 
examination of sewage. The ratios of sewered population to various 
sewage constituents as thus calculated have varied rather widely in 
different studies, and are probably at best of no great accuracy, so 
that. there is no close agreement in standard references as to the 
average or modal ratios. The estimates given in Table No. 45 are 
based upon data from a number of different sources and are con- 
sidered to be fairly representative values for the combined sewage 
of American cities, exclusive of industrial wastes. It is recognized, 
however, that the element of personal judgment enters into any such 
summary, as the results depend largely upon the choice of data. 
The values in this table are, therefore, presented chiefly as a record 
of the basis of calculations employed in this report, not with any 
claim that they are moré precise than the somewhat different values 
given by various authorities. 
Taste No. 45.— Average ratios of various constituents to sewered population— 


Grams per capita per diem in domestic combined sewage, exclusiwe of major 
trades wastes 





Grams per capita per diem 





Solids Nitrogen ‘ 
| ( . Oxygen Biolog: 
Total Sus- Dis- Vola- | Asfree | otal anne Poanend 
pende solved tile NHs3 





“sh LO Ue TE PUL RES Beet EO: Rie oe BP OSA SE OY ee O's NO ee 
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In so far as these ratios—or any others which may be adopted in 
preference to them—may be considered as fair average values, they 
constitute a link between the observations made in a survey of 
sources of pollution and the observations made by direct examina- 
tion of water as found in the river. They make it possible to con- 
vert. data collected in terms of sewered population into terms of 
physical and chemical analysis, and thus to compare the amounts 
of various constituents actually found in the river with the amounts 
accounted for in the domestic sewage of all urban communities on 
the watershed above. _ | bhatt 

As regards bacterial pollution, no attempt has been made to derive 
any similar factors for the conversion of sewered population into 
terms of standard bacteriological determinations except as indicated 
by observations subsequently made in the course of this study. 
(See Section VI, pp. 243-256.) 


INDUSTRIAL SEWAGE 


The survey of communities on the watershed undertaken to collect 
data regarding the sources of sewage pollution included a fairly com- 
prehensive and detailed survey of industrial wastes. In each com- 
munity which was included in the itinerary of the survey parties all 
the major waste-producing industrial plants were visited by the 
engineer member of the field party, who collected all information 
available regarding the composition and amount of the wastes dis- 
charged. Naturally, it was hardly ever possible to obtain any direct 
records of analyses or volumetric measurements of the wastes from 
individual industrial plants, except in the rare instances where special 
studies had been made by the operators or by the local sanitary 
authorities in connection with sewage-disposal projects. 

The schedule of information, therefore, ordinarily included a record 
of the nature of the processes employed, the kinds and amounts of 
raw materials used, the number of employees, the kinds and amounts 
of finished product, the sources and quantities of water used, and such 
general information as could be elicited regarding the character of 
the wastes discharged directly or indirectly into the river system. 
Even this information was seldom available in full, notwithstanding 
a very general willingness on the part of the operators to furnish what- 
ever information they possessed. 

The data thus collected were supplemented by records made 
available by State industrial commissions and by correspondence 
with the operators of industrial establishments located in communities 
which were not visited. In this way more or less complete records 
were obtained from 1,433, industrial establishments, including, it is 


believed, a great majority of the larger waste-producing plants on the 
watershed. | | 
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These wastes may be grouped primarily into two classes, namely: 

(1) Wastes containing large amounts of more or. less unstable and 
putrescible organic matter. 

(2) Wastes of radically different and diverse character, as, for 
example, the acid wastes from coal mines and certain steel industries, 
oil wastes, and wastes from various chemical industries. 

Obviously there are no common and significant terms in which 
these two classes of wastes can be combined; but to a limited extent 
the wastes of the first class may be summarized in terms of certain 
constituents or indices of organic matter. 

Ratios of certain industrial waste constituents to raw iiabeninls, 
products, and employees.—For the purpose of such a summary Ae 
organic wastes have been classified, first, according to character of 
manufacturing processes used, into the groups shown.in Table No. 
46. Data were then collected from all available sources relative to 
volumetric. measurements and chemical analyses of the wastes from 
plants representing each class of industrial processes, together with 
records of raw materials used, finished product, and number of em- 
ployees, in an attempt to ascertain the average ratio of waste con- 
stituents to some determinable unit of raw material or product. 
- Wherever possible these data have been supplemented at the stream 
pollution laboratory, 1 in Cincinnati, by special studies of wastes from 
industrial plants in that vicinity. 

The end results of this attempt to summarize organic eal 
wastes in common terms are given in Table No. 46, which shows, 
for each of the more important waste-producing industries repre- 

sented on the Ohio watershed, the estimated weights of total nitrogen 
and of “oxygen consumed’’ discharged in their wastes per unit. of 
product, of raw material, or of labor.” 


Taste No. 46.—Estimated average amounts of total nitrogen and oxygen consumed 
contained. in, various industrial wastes, per unit of product, raw materinn or 
labor 





|Gontent of wastes in 
kilograms per unit 


f waste Unit 
NETERG OF ™ Total Oxygen 
nitrogen. con- 
sumed 
Werree Nive) ei ee SS ee eee 
gyi iy ty Prec > aaa 1 patel (product)_---| 0.9230 0.7053 
| ae il als i aie eee ici be DERN © 0 Te2 | 22 Ore 
4 Sooner Rha Sl. ete gent eiaiek dt A eee ae 1 animal (raw material) . 2386 . 1837 
Pork packing--.-.-.-------+----------------------------|----- 10 cut LAs f fon : et 
General packing--.-...:..-..-----------------------------|----- 76 Ci Reg ede Map oa .1715 : 
Pemdoringt: | ps3 Tit wes yy-- aid -.113--2 abou, 1/ém ployeeis: Y_ .£3123- . 4082 | §. 1.5649 
So  adlae t R eiR  S eesperes See me Vinid Sire ge ees 3. Ras 4, pal , 
j get avs. sper bobs STL PAT tS is ee be eee , F 
ae act ea eek ate eR ee “oor | 20.8474 


11 In some instances the available data on wastes have been.more directly related to amount of product, 
in other instances to amount of raw material, and in still other instances to number of employees, hence 
the different bases used in this table. 
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; itrogen and oxygen consumed ° 
BLE No, 46.—Estimated average amounts of total ni ; 
pes ereoen in various industrial wastes, per unit of product, raw material, or 
labor—Continued : | Dares 
Lc ToS we + ae SCENT TNE SB GU RE i) ee to ate ors Pd a 8 — : =" 





Content of wastesin 
kilograms per unit 
7 Unit 7 , 
Nature of waste . Total Oxygen 
n _ | nitrogen] med 
gee scouring....-.._.2-$-.-.4 a nia Ps ee rey ee 100 pounds (raw material) | 0.3402 1, 5513 
ba er as Miya ine Tin Je de, Gh a en en PE 
Dyeing.......-----<<:ssqe-------~-2- tote ee £06? EY een eee Pee tee 
Dye and SCOUL = 3 -- sea EL RMECARSS TSIEN = $99 21Q-. hn oo em teeel  ee T04A Le Sh 1128 
Cotton yard and cloth— 
Bleashing i na lk a wince em ene: canna oie is da pte ifBe06 
Dyeing Us. 6. ve AU Be AN eae ae GG. aS Ue ora . 048 ms 
Bleach gnd dye. - i t=. -n cee bee 4s en eee a a 2 oth | 4, U3 7 st <4 
Cotton bleaching, dyeing, and finishing_--_.--__---/--._- AG sha At Se aD, Oe . 1334 - 
Paper: rio 
i i Mi Sogre Ge Saad Se 1ton pulp (product) -_-___-- 1.3154 647. 741 
Gem ater a eee EC 8S! SR eee BS 1 ton paper (product) - -~__ _ 19.5048 1) 29.9376 
Leatherboard 2s Ses ba Ds ERD SENDS 1AtoY (product) 2234224 _ 2 21.7742 43. 9992 
Straw DOSTU.: > ee ee ee ee he ae GO - spre rp errtne reales Sed lbh ool SLE BORA 
Straw and paper board _....2-..----- pte . SAR REARS. see an. oe ee 2. 8577 73. 0296 
Panmide tdnnery: 3. ..ct Sr Ua SA eee 1 skin (raw material)__.-__| | 1633 1. 2610 
Calfskin tannonty = 4.232) ee ee if) Mee 422 BERT Wt Fea + . 0454 . 3538 





Sheepskin 'tannery-_-:2.42.-./.052220121)- 2 2iL22i8 1 dozen skins_ ~~ _______ Neel caateee ~ 1315 








5tdtetn 
7 


It will be readily understood that the figures given in this table 
are not in any sense exact. In the first place, the data upon which 
they are based are, with some exceptions, quite fragmentary, and in 
many instances indirect. Also, even if much more extensive data 
were available no very exact or constant ratios could be established, 
since the relations of waste to product, raw materials, or employees 
may be quite variable in different plants of the same general. class. 
Therefore, the values given ‘are to be considered only as approxima- 
tions, applicable at best to the combined industries of a large area, 
but not to individual plants. It may be said, however, that they 
have been compiled with care—more, perhaps, than the material 
warrants—and that they are at least reasonably representative.” 

It should, of course, be noted as regards these values that equiv- 
alent amounts of nitrogen or of “oxygen consumed”? in different 
wastes do not necessarily indicate equivalence with respect to offen- 
siveness, which depends in considerable degree upon characteristics 
not very highly correlated with these indices of organic matter. A 
more significant basis of comparison would be the biological 
oxygen demand, since this is more closely correlated with offensive- 
ness, but unfortunately the available data on oxygen demand: of 
industrial wastes are as yet too fragmentary for any such summary. 

In view of the varied character of the wastes which are repre- 
sented in Table No. 46, and the incompleteness of the data available 


12 The detailed data used in arriving at these estimates will be presented in a later publication deal in 
specifically with the composition of organic industrial wastes. , es 
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for arriving at the values there given; it may well be questioned 
whether the attempt to reduce such heterogeneous material to a 
common denominator is justified. It is believed, however, that in 
this ‘instance it is justified as the only procedure which permits any 
quantitative comparison, however imperfect, between industrial 
wastes and other sources of pollution in such a broad area as the 
Ohio watershed. 
Summary of organic industrial wastes in terms of certain constitu- 
ents.—Applying the conversion factors given in Table No. 46 to the 
data collected in the field survey of industrial wastes on the water- 
shed, the results are as indicated in Table No. 47, which shows the 
estimated weights of nitrogen and of “oxygen consumed”’ discharged 
into the river system daily in the wastes from industries of each 
designated class. . 
_Taniz No. 47.—Estimated amounts of organic matter, in industrial. wastes of desig- 


nated classes, discharged daily | into the Ohio River system, expressed in terms of 
total nitrogen and oxygen consumed 


[Estimates refer to the years 1914 and 1915] 





Kilograms per diem in terms of— 





, Total nitrogen discharged Oxygen consumed discharged 
Classes of wastes iP nay ' meg, 


Entire Ohio Tribu- Entire | - Ohio Tribu- 
river River tary river River tary 
system'}| direct } streams | system direct | streams 





: 


: SRE LNs) Sea ae ee RES, 744 








435 309} . 22,.864.|.. 13,351 9, 513 
‘Distillery... LABELS. RYU 39007) 3 37901 981 2,920 | 88,374] 22,231 | 66, 143 
® Meat packing 15 409-8 ee ep ed coy A O82 1. of 2 DSS b 4 1927 A} 7, 542 98,837 3, 704 
_ Rendering soap and glue. ___.-_---------- 115,552 | * 6321 | 4,920 | 61,637 | © 49,802 | 11, 835 
Merattiles 2 es. ee Oh ts }, 1,051 « AMT, $08) je He, oly) 72 10,019 
) Paper! 222550 TTL ES EEE 039, 887 | = ~°4; 889 | °° 34, 998 | 258, 617 |" 17, 323°) °° 241, 201 
) Tannery. ot aren? we snna dane baeenee dda] 35 055 fo. opp OBL], 2,404 |.» 23,593). 5,030}. ) 18, 563 
; RE aA eee ec. Pee 58, 272} 9; 863]... 48,409 | 478, 817.) 112,746 |. 361,071 
: 


1 The amounts given are average daily amounts, based upon annual production distributed. uniformly 
Over the year. Actually the discharge is not thus uniformly distributed, since many plants operate during 
2 a part of the year;and, when in operation, do not necessarily discharge the same amounts of wastes 
- each day. ... “ 


It will beobserved in the above table that the waste-producing 
industries are not concentrated directly upon the Ohio River to the 
same extent as is the urban population. While the urban population 
situated directly upon the river constitutes 36 per cent of the total 
on the watershed, the industrial wastes discharged directly into the 
main stream, expressed in terms of total nitrogen, constitute only 
17 per cent, and in terms of oxygen consumed only 24 per cent of the 

total for the watershed. 
. The distribution of these wastes, of all classes, upon tributary 
drainage areas is shown in Table No. 48, from which it is seen that 
the watersheds of the Allegheny, Monongahela, Muskingum, Scioto, 
Miami, and Wabash Rivers are the largest contributors. 
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Taste No. 48.—Estimated amounis of organic matter in industrial wastes dis- 
charged into various sections of the Ohio River system rie i dt 
: ° 


Kilograms per day of 
organic matter as— 








Stream 
Total 
nitrogen 
Allegheny... oo acc soln noo ncen ce een= ga anemenesabeine= spe e= gra aR eres oan 24, 083 
Monongahela st 23 $523 - Sos- BSCS KE See aS eee is 1,101 
Chartiers:Greek =... 5 5c ecg neta = ee re eee _, 64 
Beaver. tc 23 eR LAL Eg ee ee eee 244. 
Musking@uimes: - -. 23 2 ooo onan ae naan ei eo eee 1, 210 
Hocking 224-2323. 2908-2 PE ee ee en 15 
Scioto sa cox Bees hn nm re a a 1, 551 
Livie Miamisa dei isug. 4b. 4 BIR ERS L ewe See 1 
TQUATNG o25 on ie epee pe tgs Lee aha eM Cr 
Miamig2s yiords." Je i Liiesii ve GAY we. PEE Ee eee ees cee eee 12, 271 
FR GTVGUI GR es a ie ra ne ee Se 215 
fait ete SRE L ST ADP EE Ee ST a eS - Ber ee eee ba 
MOON ioe eb bbe wk cel ei ee 
Wabash #2 sess oe Se oie Sh ee ee ee sede 8 6, 167 
Cumberlandise) #625. enue a ee nS ec eS 110 
"Tenness6e. 2. 8 oe eb oe ee oh ee ie ee ee 775 
Ohio River: direct: _j2cctivs sikh E_T  RS  AUE Teaa ee 9, 861 
Total-ior wavershed | 2. <2 bes oe ee ee ee 58, 264 
For metropolitan district of: ; 
Pittsburghioces ou kod seca ae lee dee aoc ee 5, 529 
Wheeling = -0205.--2 2. Se be LIB eee poe eee 365 
Gincinnatt—. oo oo on ee a 2, 827 
TOWNS VillO. os ea ee eee eee 980 





Comparison of industrial wastes with domestic sewage.—For a com- 
parison of industrial wastes with domestic sewage, the values given 
in Table No. 45, representing the average weights of nitrogen and of 
‘oxygen consumed” discharged in domestic sewage per capita of 
sewered population per diem, have been applied to the estimated 
daily discharge of these constituents in industrial wastes, as shown 
in Table No. 48. Calculations have thus been made of the sewered 
populations which would discharge, as domestic sewage, the amounts 
of nitrogen and “‘oxygen consumed” actually attributed to industrial 
wastes, with results as shown in Table No. 49. 


TasLe No. 49.—Comparison of actual sewered population on principal tributary 
basins of the Ohio River, with estimated equivalents of sewered population repre- 
sented by organic industrial wastes, as calculated from relative amounts of (a) 
total nitrogen and (b) oxygen consumed 











Sewered populations 
equivalent to industrial 

Actual wastes in terms of— 

Watershed sewered 

population 

Total Oxygen 
nitrogen | consumed 
Alleghany 4 cigs ofigcs Bhar bores Sycurir ee, 2ihuwasateiorr xe toa Herreszioee 112, 500 | 2, 809, 100 
Monongehela.2. 208 the vk oecaer  e 370, 100 |” 96,600 | "420, 400 
Chartiers ‘Creek... : 22) 22. Riefisiet . ae ee ee wh to. et 38, 800 4, 700 6,000 
poaves < + sei ge ras sisal tgrecdan ces Soin go ee ae ee 220, 000 21, 400 47, 800 
LUSMINS WM: 3... 554305152 ee he es eens eee 173, 500} | 106, 100 557, 300 
LMS RSDS WHR hg Ce cee cca ee EE ee none none none 
Hoking SS Ogct tg - LE dei eT ee Dh ol alae tocree 18, 000 1,300 3, 900 
OWS ie Shs 2.5 584d aga A die pO, Gab eeane ee ue ae 52, 900 none none 
Guyandotte xgtstaswes eit id. 2 eleacherassnalente Re fi none ' none none 
pe heey nosh wen anennssonahclnppaasGatweaitnnatconulaeeneteion: Te 6, 900 none none 


aa nennensnnsenpaiaens ots13s59 Lents | OL ae Boe 248, 200 136, 000 | 265, 000 
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Tasie No. 49.—Comparison of actual sewered population on principal tributary 
basins of the Ohio River, with estimated equivalents of sewered population repre- 
sented by organic industrial wastes, as calculated from relative amounts of (a) 
total nitrogen and (b) oxygen consumed—Continued 


Sewered populations 
equivalent toindustrial 
Actual wastes in terms of— 
Watershed sewered 
population 
Total Oxygen 
nitrogen | consumed 


Rae TAIT thle sel erties f~- adagg xd ~~ dyy~-ad dd aes bend cacy 6, 200 14, 300 83, 200 


ss oe f cen stale ail G Aothelieae kee ~ eee. Sani Sirah Re 9, 500 3, 500 17, 800 
Orth POLARIS, 0 2 ee 2s See eure Danvers SRP eenee Tee eee eae ee 180,400 | 1,076, 400 728, 700 
Sah re hee oo as laren Riper ial  etgte atti pc asta apna lap ay y Sistlyiales lee ied 24, 500 18, 94, 700 
A ee teh Se OE a EE oe ee Ee oe ks ae 4, 300 35, 400 177, 900 
AE Sapte d 2p bes op osm in hn iets els leah impale Aa | oti ai Baie ML 2, 300 none none 
OOD Boone torn ot apes pees reece ere - ay ete 501, 200 541, 000 1, 623, 900 
oi yh ulege yes petunia a gel an je (Roentgen pede, at teelapnipn lr Seine esta IR 4 Bip Al 1, 200 none none 
ST ig 6 ee Sea ee So See Sn Cae Sees eee pure oes OW Sarees 87,200 9, 600 17, 500 
(Eo Sigs Sy pie: ie atm eee tle pe neil Papen laatiaaeaeipaaaigl Ait Selon, 172, 700 68, 000 148, 700 
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Vyhel Let Ad Been iets TLS Ge ots leaped ESL pepe ig Coes, nn hed. 59, 500 32, 000 29, 100 
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From this table it.appears that the organic industrial wastes dis- 
charged into the Ohio River system from the major waste-producing 
industrial plants are equivalent, in terms of total nitrogen, to a 
sewered population of 5,100,000, and in terms of oxygen consumed 
to a sewered population of 9,200,000. The actual sewered popula- 
tion on the watershed being approximately 4,106,600, the industrial- 
wastes equivalent is 124 per cent of this total in terms of nitrogen, 
and 230 per cent in terms of oxygen consumed. The validity of 
these figures depends upon the precision of the data used in the 
somewhat complicated processes followed in arriving at them; and 
it is obvious that the margin of error, though indeterminate, is 
quite wide. It is considered, however, that the figures given as to 
amounts of industrial wastes are conservative; that is, that they 
understate rather than overstate the actual total, since the principle 
of conservatism has been followed in arriving at conversion factors, 
and since, moreover, the summation does not include the wastes 
from all small plants of the classes considered. Also certain indus- 
tries, such as canneries and creameries, are entirely omitted, due to 
lack of adequate data. 

Even if the estimates are approximately correct in terms of nitrogen 
and oxygen consumed, it does not follow that industrial wastes and 
domestic sewage have the relative importance which these figures 
indicate, with respect to objectionable organic pollution of the river. 
It has already been stated, but may be repeated, that the significance 
of determinations of total nitrogen and of oxygen consumed is quite 
variable, bearing no general and constant relation to offensiveness 
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? 
of the organic matter which they attempt to measure. The figures 
are, however, not without significance 1 in the interpretation of analyses: 
of the river water expressed in these same terms, and it is only for 
this limited purpose that they are used. | 

As regards the importance of industrial wastes in relation to 
bacterial pollution, it would seem quite impossible, at this time, to 

make any quantitative estimate at all. Even extensive bacterio- 
logical examinations of the wastes as discharged from industrial 
plants would afford no direct and reliable evidence, for certain of 
the wastes which are potentially of high bacterial content may 
actually have a very low content as discharged from the plants. 

Such wastes may quite possibly influence the bacterial content of 
mixed sewage by promoting the multiplication of bacteria already 
present rather than by adding immediately and directly to their 
numbers. 

POLLUTION FROM UNSEWERED AREAS 


As regards the unsewered areas which contribute to the pollution 
of the river system by their natural drainage, it is obvious that the 
aggregate of wastes from these sources must be very great, but any 
attempt to make a direct quantitative estimate based upon summa- 
tion of areas would be futile. Certain of the constituents included 
in quantitative analyses of the river water are evidently derived 
almost wholly from natural surface drainage, as, for example, the 
suspended matter, which consists chiefly of soil particles, and many of 
the inorganic compounds in solution. It is possible, also, by indirect 
methods, to show that a large proportion of the organic matter 
found in the Ohio River must necessarily be derived from the surface 
drainage of unsewered areas, presumably rural areas, and that this 
proportion varies according to rainfall and run-off; but as these 
inferences depend upon the results of direct examinations of the 
river waters, they are discussed in connection with the ppb of 
chemical analyses, in Section V. 


Section IV 


GENERAL PLAN AND METHODS OF LABORATORY. STUDIES 


By W. H.. Frost 


The laboratory studies which constitute the central feature of 
this report were carried out during the year 1914 in a series of tem- 
porary laboratories, established for this purpose at intervals along 
the Ohio River, and were continued throughout the years 1915 and 
1916 at two of these laboratories, at Cincinnati and Louisville. 
The observations at these laboratories consisted of chemical, bac- 
teriological, and biological (plankton) examinations of samples of 
water collected at frequent intervals throughout the period of study 
from fixed sampling stations on the Ohio and certain of its prin- 
cipal tributaries. The examinations made were quite simple in 
character, consisting chiefly of the quantitative determinations 
ordinarily made in the examination of water supplies, and more or 
less closely following the standardized technique recommended by 
the American Public Health Association. Such special significance 
as the results may have depends not upon anything unusual in the 
character of the observations but rather upon their mass and their 
quantitative relations to each other and to coincident observations 
upon sources of pollution, volume of discharge, and times of flow 
from point to point. ~1t seems desirable, therefore, before presenting 
the results of chemical and bacteriological examinations, to outline 
the purposes which they were intended to serve, to explain the 
considerations which governed the selection of sampling stations 
and schedules of collection, and to give such general description 
of bacteriological and chemical technique as is necessary for inter- 
pretation of results. Details of technical precedure which are not 
required for comprehension of analytical results, but which are 
necessary for comparison with data from other studies, either past or 
future, are given in the appendix. — 

The purpose of the laboratory studies, briefly stated, was to 
ascertain in quantitative terms the actual intensity of pollution 
existing in the Ohio River in different zones and under varying 
conditions of streamflow and season, for correlation, on the one 
hand with the causes contributing more or less directly to the pollution 
and on the other hand with its consequences in relation to the public 
interest. 
b . 85 
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EFFECTS OF POLLUTION 


The most definite and serious public injury resulting from the 
pollution of the river is the actual or potential contamination of its © 


‘ 


waters with pathogenic bacteria in zones from which water supplies — 


are taken. The largest, and to that extent the most important, of 
the water supplies taken from the Ohio River are drawn from the 


zones immediately above the larger cities, and in relation to this . 


danger it is of obvious mmportance to ascertain the conditions of 
pollution, especially bacterial pollution, existing in these zones. 
The ill effects of sewage pollution, other than the dangerous 


contamination of water supplies, are nuisances resulting from such ~ 


excessive fouling as may render the waters offensive to sight or smell 
or unfit for legitimate industrial or recreational uses. . These condi- 
tions are likely to be most offensive, or to most nearly approach 


offensiveness, in the zones immediately below large centers of popula- — 


tion, discharging domestic and industrial sewage into the river, and 
from this point of view special importance attaches to ascertaining 
the character and intensity of pollution in these zones. 

In the upper Ohio a special case exists of pollution not known to be 
injurious to health but of quite serious economic importance, namely, 
contamination with acid wastes originating in the drainage from 
coal mines, and the pickling liquors and other wastes discharged from, 
certain of the industrial plants. This is a matter of sufficient im- 


portance in relation to the whole biology of the river to warrant — 
special and intensive study; but while the condition was known to — 


exist when this survey was begun its full import was not and perhaps 
could not be recognized until after the plans for study had been 


matured, and it was not given so much attention as it undoubtedly 
deserves. 


FACTORS WHICH DETERMINE THE STATUS OF POLLUTION 


As regards the relation between existent. conditions of pollution — 


and their causes, special significance attaches to measurable changes 


in pollution due to the influence of individually determinable factors. — 
The status of pollution is determined by the balance of three factors: 


The volume of water, the amount and character of polluting waste, 


and the kind and,extent of the changes which have taken place in — 
the mixture, due to the action of many and complex physical and — 


biological agencies. Any change in the established status must, 


therefore, be due to the influence of one or more of these factors. | 


This is true equally of the variations noted from time to time in con- 
ditions at any given cross section, and of the simultaneous differences 
between any two sections. 3 
Varying conditions at the same cross section are usually attributable 
to coincident variations in two or more factors. For instance, an 


| 
. 
| 
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increase in volume of the river is accompanied by an increase in 
velocity, affecting the time of passage between given points, and 
usually by an increase in the amount of surface drainage entering 
the watercourse above. Such changes as may take placefrom time to 
time in the chemical or biological condition of the water at the same 
cross section are, therefore, not a measure of the influence of any 
single factor. | 

Better opportunities for determining the effects of single factors 
are afforded by comparison of simultaneous conditions at two sec- 
tions, between which only one important variable has been intro- 
duced, such as: 

(1) The abrupt increase of pollution within a distance of a few 
miles due to the discharge of sewage from a large, compact urban 
district. 

(2) The inflow of an important tributary, which may either in- 
crease or decrease the concentration of the pollution, according as 
the waters of the tributary are more or less highly polluted than those 
of the main stream. For a full analysis of the elements of change in 
this case it is necessary to know the discharge as well as the degree of 
pollution of the main stream above and below the tributary junction, 
also the discharge and degree of pollution of the tributary 

(3) The action of natural physical and biological forces, in a stretch 
within which the river receives no significant increment of pollution 
or dilution. The combined and complex natural forces operative in 
such a stretch can not properly be termed a “‘single factor” except 
that, taken together, they constitute the only factor other than ad- 
ditional polluting matter or dilution capable of changing the estab- 
lished status. 

The change due to any one of these causes is measurable only when 
- it can be shown that the influence of other factors between the sec- 
tions compared is negligible, and when the extent of the change in 
conditions considerably exceeds the range of probable error in the 
observations. For instance, assuming that the ‘‘probable error” 
jn the bacterial count at a sampling station is 20 per cent, an increase 
or decrease within this limit is not accurately measurable and there- 
fore is not definitely significant, whereas, in a change of several 
hundred per cent, this error (of +20 per cent) becomes) relatively 
unimportant and the change correspondingly significant. 


GENERAL CONSIDERATIONS GOVERNING THE LOCATION OF LABORA- 
TORIES 


In order to serve the purposes indicated, sampling stations for a 
comprehensive study of a river should obviously be located at the 
following points on the stream: 

1. For the study of conditions of pollution with special reference 
to their effects: 


~ 
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(a) Immediately above large cities, where large water supplies 
must be taken. | 

(b) Immediately below large cities, where conditions A pollution 
are most acute. 

2. For the study of conditions of pollution with reference to the 
influence of individually determinable factors: 

(2) Immediately above and immediately below large cities, to 
observe the increase in pollution from these sources. 

(b) On large tributaries, at or near their mouths. 

(c) Immediately above and below large tributaries to observe the 
effect of their inflow. 

(d) At the upper and lower ends, respectively, of stretches within 
which the river receives no important additions to its volume or its 
sewage pollution. These stretches, to show measurably the influence 
of natural agencies, must be of dont eratlé length, ae not 
less than 5 to 10 miles, and preferably much longer. 

(e) Where the stretched are of sufficient length, it is desirable that 
additional sampling stations should be located at suitable intervals 
between the upper and lower limits, in order to afford a wider range 
of observations upon the rates at which changes take place. 

Since bacteriological samples must be examined within a few hours 
after their collection, sampling stations must be ‘accessible to labora- 
tories, usually not more than 15 to 30 miles distant. For the study 
of the changes taking place in a long stretch of river, say 50 to 100 
miles in length, it is necessary that a laboratory be located near each 
end of a stretch, otherwise the difficulties and expense of sufficiently 
rapid transportation of samples are prohibitive. If the number of 
laboratories be limited, they must be so located as to cover the 
maximum number of important zones on the river. 

Location of laboratories ‘on the Ohio River.—Considering the Ohio 
River from the standpoint of suitable locations for laboratories and 
sampling stations in this plan of study (see fig. 14, and Table No. 40, 
p. 69), there are immediately upon its banks five large compact popu- 
lation groups dependent upon the river for their water igh es 2 and 
discharging sewage directly into the stream, namely: 

(1) The Pittsburgh metropolitan district, situated at the head kus 
the river; population (1915), about 1,153,000. | - 

(2) Wheeling, W. Va., and immediately adjacent eorhtvORe eit 
ated about 90 miles below Pittsburgh; population, about 88,300. 

(3) The Cincinnati metropolitan district situated 465 miles below 
Pittsburgh; population, about 594,700. 

(4) The Louisville metropolitan district, 600 miles below Pitts. 
burgh; population, about 306,200. 

(5) Evansville, Ind., 780 miles below Pittsburgh, population 7 72, 100. 
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The other cities’ and groups of ‘cities along the river are all rela- 
tively small, none having more than 50,000, and few having more 
than 20,000 inhabitants. | 

The°18 major tributaries which the Ohio receives join the main 
stream at irregular intervals; and in only a few instances are the 
tributary junctions sufficiently near large cities to be accessible from 
laboratories located in the latter. 

Stretches of river receiving no considerable urban sewage pollution 
and no important tributary, and of sufficient length for a significant 
study of the phenomena of natural purification are found at intervals 
between the large cities and tributary junctions along the whole 
course of the river. However, such stretches offer favorable oppor- 
tunities for study only when they are of considerable length, and 
when they lie between two points which are in other respects suitable 
locations for laboratories. | 
, After a preliminary survey of the river had been made with these 
considerations in view, it was concluded that six laboratories would 
be the minimum number required, and that these could be most 
advantageously located at Pittsburgh, Wheeling,! Portsmouth, 
Cincinnati, Louisville, and Paducah. The sampling ‘stations ac- 
cessible from these six cities would serve to show: 

(1) Conditions at the origin of the Ohio, that is at Pittsburgh, and 
near its mouth (Paducah), below the junction of all important 
tributaries. | | 

(2) Conditions above and below four of the five largest popula- 
tion groups on the river, and the polluting effect of the wastes dis- 
charged from each of the groups, namely, the Pittsburgh, Wheeling, 
Cincinnati, and Louisville districts. 

(83) The condition and effect upon the main stream of 7 of the 18 
major tributaries joining the Ohio below the confluence of the Alle- 
gheny and Monongahela, namely: The Beaver, Scioto, Little Miami, 
Licking, Miami, Cumberland, and Tennessee Rivers. 

(4) The effect of natural agencies operating (a) in relatively short 
stretches immediately below each of the four large cities, and (6) 
in two long stretchés, namely, between the Portsmouth and Cincin- 
nati districts, and between the Cincinnati and Louisville districts. 
Both of these stretches are almost entirely free from increments of 
sewage pollution, and the inflow which they receive from tributaries 
is not sufficient to make any material change in the status of pollu- 
tion. 

This distribution of laboratories leaves two long reaches of the 
river within which no observations were made, namely, from Wheel- 
“Although the population of Wheeling is less than that of Bvansville, the sewered population of Wheel- 


ing and its immediate environs exceeds that of Evansville. Hence the Wheeling district is fourth with 
respect to sewage discharged into the Ohio. 
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ing to Portsmouth, Ohio, and from Louisville to the mouth of the 
Cumberland River. Within the first of these stretches, from Wheel- — 
ing to Portsmouth, a distance of about 245 miles, the river receives 
six large tributaries and direct sewage pollution from a series of 
cities and villages with an aggregate of 144,000 inhabitants, the — 
largest of these cities being Huntington, W. Va., with a population © 
(1915) of about 47,000. While the combined effect of these several 
tributaries and cities is undoubtedly of some importance, it is prob- 
able that no single city or tributary by itself makes a distinctly 
measurable change in the pollution of the river. 

Practically the same may be said of the long stretch of river from — 
Louisville to Paducah, nearly 300 miles. Evansville, Ind., the only 
city of sufficient size to have a considerable effect upon the pollution 
of the Ohio, was not considered an effective location for a laboratory 
because the sewage pollution from Owensboro, Ky., some 30 miles 
upstream, obscures the effect of natural purification in the stretch 
between the Salt and the Green Rivers, while the pollution from 
Henderson, Ky., 12 miles below Evansville, interrupts any study of 
progressive purification below Evansville. 

These two long stretches of the Ohio have, therefore, been 
passed over. The total change in conditions of pollution between 
their upper and lower limits was determined, but with no attempt 
to analyze the influence of individual cities and tributaries or to 
measure precisely the influence of natural agencies of purification. 


GENERAL PLAN AND DEVELOPMENT OF LABORATORY WORK 


The work carried on at these six laboratories was quite simple in 
its general plan. Each of them was equipped for the usual bacterio- 
logical examinations of water and for such simple procedures of 
chemical analysis as determinations of turbidity, alkalinity, and 
dissolved oxygen, and was placed in charge of a technically trained 
scientific assistant, with two or more helpers. Examinations which 
require more elaborate equipment or more specialized training, such 
as mineral and sanitary chemical analyses and microscopic exam- 
inations of plankton, and which need not be made within a few 
hours after the collection of samples, were made only at the central 
laboratory, at Cincinnati, the samples collected at other stations 
being shipped to Cincinnati for these special examinations. 

By the use of motor boats and by other arrangements, it was 
possible to extend the radius of sampling some 10 to 20 miles in 
each direction from each laboratory and still to have samples deliv- 
ered at the laboratories within two to four hours after collection; 
and in all the laboratories daily examinations were made of samples 
collected at regular and frequent intervals from fixed sampling points 


over a period which varied, at different laboratories, from eight 
months to three years. 


GENERAL PLAN AND METHODS OF LABORATORY STUDIES 91 


This plan of work, though quite simple in its general outline, 
presented many difficulties in matters of detail, such as the precise 
location of sampling stations, the careful standardization of minor 
details of laboratory technique, and the distribution of work so that 
it could be handled by the available personnel. As these and many 
other essential details could be satisfactorily adjusted only on the 
basis of actual experience, it was necessary, in order to avoid wasted 
effort, to begin the laboratory work on a small scale, extending it 
to full scope only after sufficient preliminary work had been done 
to insure against the necessity of material alterations in procedure. 

A central laboratory was, therefore, first established, in July, 1913, 
at Cincinnati, Ohio, this city being selected for headquarters because 
of its central location, about midway between the origin and the 
mouth of the Ohio River. The laboratory established there was 
equipped for chemical (both sanitary and mineral) analyses of water 
and for microscopic (plankton) studies, in addition to its equipment 
for the bacteriological and simpler chemical ,tests included in the 
routine examination of samples. 

Upon completion of the necessary preliminary field work, the 
collection and examination of samples from near-by points on the 
Ohio River was begun at Cincinnati in the early part of November, 
1913. In the meantime, subsidiary laboratories had been estab- 
lished at Pittsburgh and Portsmouth, and at both these stations the 
collection and examination of samples were begun about December 1. 
The work of these three laboratories was at first preliminary, de- 
signed to test the plans and methods provisionally laid out, and to 
develop a satisfactory system. As was to be expected, some changes 
were found to be necessary in the details of procedure in collection 

and examination of samples, and not until January 1, 1914, were 
the details of the work at these three laboratories sufficiently de- 
veloped to warrant adoption of a uniform and permanent schedule. 
At this time, January 1, 1914, a fourth laboratory was opened 
at Louisville, Ky. During the next two months the work at these 
four laboratories, though fairly uniform and satisfactory, was much 
_ interrupted, due to ice in the river and to other circumstances inter- 
fering with boat service. Also, during this period, a number. of 
minor changes in methods were found to be necessary, especially 
in the location of sampling stations and in the manner of collecting 
samples, so that it was not considered advisable to establish addi- 
tional laboratories and further extend the studies until late spring. 

During April, 1914, two additional laboratories were established, 
one at Wheeling, W. Va., and one at Paducah, Ky.; and at both 
- these laboratories systematic work was begun May 1. By this time 
all necessary readjustments in the plan and methods of work had been 
“made, so that from this date forward work proceeded on a satis- 
*  95404°—24+—_8 
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factorily coordinated plan without material change throughout the 
remainder of the period of study. 

On account of the expense involved in maintaining six labora- 
tories, it was necessary to reduce the scope of the work before the 
close of the year 1914. Accordingly, the work at the Pittsburgh, 
Wheeling, Portsmouth, and Paducah laboratories was discontimued 
October 15, 1914. The work at Cincinnati and Louisville was, 
however, continued through the entire year 1914, and was subse- 
quently extended through the years 1915 and 1916, as it had become 
apparent, after the first few months of study, that the river between 
these two cities afforded exceptionally favorable opportunities for 
the quantitative study of natural purification. 

The laboratory studies may, therefore, be divided into four periods 
according to the extent and uniformity of the observations made, 
namely: __ 

(1) November and December, 1913, were devoted to preliminary 
orienting work at Cincinnati, Pittsburgh, and Portsmouth. ‘The 
methods during this period not being uniform, the results are omitted 
from the data presented and discussed in this report. 

(2) From January 1 to May 1, 1914, four laboratories were in 
operation upon a regular schedule; and though various minor changes 
were made during this period, the results are on the whole comparable 
to those obtained in the next period. They apply, however, to a 
smaller number of sampling stations and do not include certain 
determinations subsequently added to the schedule. 

(3) From May 1 to October 15, 1914, the period of maximum 
development of the work, a regular schedule of observations was 
followed without change or interruption at six laboratories, dis- 
tributed along the whole length of the river. 

(4) From October 15, 1914, observations were limited to the river 
and its tributaries in the vicinity of Cincinnati, and from that city 
to Louisville. The bacteriological and some of the chemical examina- 
tions of samples from this portion of the river were continued through 
the years 1915 and 1916, thus establishing a continuous and uniform 
record of observations for three full years. 

It would obviously have been preferable to have continued ob- 
servations at all six laboratories throughout a full cycle of seasonal 
changes, but, as this was not possible, it may be considered fortunate 
that the period of most extensive studies, from May 1 to October 15, 
1914, covered an unusually wide range of stream flow conditions, 
ranging from moderately high river stages during May to excep- 
tionally low stages during the first half of October. With the 
added observations at Pittsburgh and Portsmouth during January, 
February, March, and April, 1914, and the three years of observa- 
tion at Cincinnati and Louisville, the changes in pollution of the 
river which are associated with the characteristic seasonal variations 
in temperature and discharge are fairly well defined. | 
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LOCATION OF SAMPLING STATIONS 


_ Each sampling station on the Ohio River, as referred to in this 
report, is designated by a number which corresponds to its distance, 
n miles, from Pittsburgh,, measured from. the confluence of the 
legheny and Monongahela, Rivers along the low-water line on the 
left, bank, as shown,in the maps of the United States Army Engineer 
Corps. Sampling stations on tributary streams are designated by 
the names of the tributaries, and, in the case of the Allegheny and 
Monongahela Rivers, by numbers. indicating the distance in miles 
from the mouth of the tributary... Thus, station Allegheny.7, indi- 
eates a sampling station located on the Allegheny River 7 miles 
above its confluence with the Monongahela. 

_ The purpose which any sampling station was intended to serve 
would, of course, fix its approximate location, as above or below a 
tity or tributary; but this would define the location only in a rather 
general. way, within limits of perhaps several miles. The precise 
locations of sections for sampling were governed by several additional 
considerations, of which the more important are the following: 

_1. Sampling stations located below the inflow of sewage or of a 
tributary must be sufficiently far downstream to. allow of fair lateral 
nixture of the flow, yet not.so distant that the effect of the inflow 
would be obscured. by subsequent biological changes. Ordinarily such 
stations were located not less than 1 nor more than 3 miles below the 
nearest important sewer outlets or tributary junctions. ; 

_ 2. So far.as practicable advantage was taken of chutes, dikes, 
dams, and narrowing of the channel, tending to give a good lateral 
mixture. | 

.8..To insure good vertical mixture, sections were located. preferably 
in or beyond shallow portions, of the channel, or below dams, rather 
than in pools. | 

_ 4. Stations below dams were placed not nearer than one-half mile 
below in order. to allow for the escape of air which might have been 
entrained in the fall over the dam. 

| 5..The sampling stations were located by preference on cross sec- | 
tions of uniform contour, in straight stretches, where the flow would 
be at right angles to the section. 

. 6.,Sampling stations on tributaries, except the Allegheny and 
Monongahela, were located as, near as practicable to their mouths, 
but sufficiently upstream to, avoid actual, back flow irom the main 
stream, though it was not practicablé to go beyond the influence of 
slack water at high stages of the Ohio. Where tributaries at their 
junctions, were, polluted with sewage from towns situated at their 
mouths, sampling points were placed above the major sources of 
such pollution. 
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The number and location of the points on a cross section fro rn 
which samples should be taken in order to give a sufficiently repre- 
sentative average for the section will obviously vary according to the 
uniformity of mixture across the section. At certain sampling 
stations, such as station No. 461, above Cincinnati, or station No. 
598, above Louisville, a single saxnpié from any point in the channél 
would probably answer the requirements, as the pollution at these 
sections is chiefly from distant sources, and the mixture is qui } 
uniform. At other sections, especially below large cities, the 
ture of sewage with the river water is by no means uniform, and 
varies from day to day according to river stage, so that an exac 
average for the section might require the careful integration ¢ 
samples collected from a large number of points. It was decided 
however, after careful consideration and some preliminary studies, 
to follow the uniform practice of taking samples from three points or 
each section. 

The most precise method for locating the three sampling points 
best representing the flow at any section would be to divide the cross- 
sectional area of flow corresponding to each river stage into three 
vertical areas, through each of which an equal volume of water was 
passing, then to select as sampling points the center of mass in eack 
area. But while the location of these points on a plot of the cross 
section would present no great difficulties, the necessity of changing 
the location of sampling points from day to day, with each change in 
river ‘stage, would very greatly complicate the work of sample 
collection. Moreover, as the changes in location would often not 
exceed a boat length, it is apparent that no such precision of sam: 
pling could be carried out in actual practice. | 

As a practical approximation, sufficently accurate for the purpose 
the cross section below an ‘‘average”’ elevation of the water surface 
was divided vertically into three equal areas, each of which was in 
turn equally divided by a vertical line, as indicated in Figures 18 
and 19, showing a specimen cross section. The sampling poii 
chosen were at mid-depth on these lines. ‘These points would be approx- 
imately, though not exactly, in the center of flow of equal volumes of 
water at the river stage taken as average. No attempt was made t 
shift these points for varying river stages, except to vary the dept 
at which samples were taken, according to the’ gage-height Bnew | 
from day to day on the nearest reference gage. , 

In locating these sampling points, a section was first selected an 
plotted from the soundings shown on a detailed contour map of th 
river bed. Sampling points located on this plot, as above indicated, 
were then located in the field as follows: The line of the sectior 
having been established by landmarks on either side of the river, @ 
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_ Fic. 18.—Contour map of river bed in vicinity of sampling station No. 475, Ohio River. Reproduced from map prepared by United States Army Engineer Corps 
95404°-—24. (Face p. 94) 
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transit was set up on this line on the river bank. A boat carryi 
a stadia rod set for the correct distance from the bank to the 
sampling point was then maneuvered on the section. line untilt 
stadia rod showed it to be over the sampling point. Then, on signs 
from the surveyor, an assistant in the boat would locate the posi 
tion by the alignment of two conspicuous objects on shore, estak 
lishing a cross range. After verifying the location of thdse lan¢ 
marks, a permanent record was made in a sketch, as shown in Figur 
20. Bach day, before collecting samples, the gage height at th 
reference gage was noted, and the depth at which each a 
was collected was regulated accordingly. 

It was found by actual calculation that variations.in river stage 
within the usual limits, excepting extreme high or low stages, woul 
not, at most stations, change the proper location of these samplin 
points more than one or two boat lengths; that is, not more tha 
the probable error in their actual location. 

As this practice of collecting three samples from each section wa 
uniformly followed at all sampling stations on the Ohio River, 
sampling station on this river always refers to three sampling Roi 
and any analytical result refers to the average for these three point 
on the section. In the case of bacteriological observations thi 
average was always obtained by examining the samples from th 
three sampling points separately and averaging the results. I 
chemical analyses the cross-section average was usually obtained b 
analysis of a section-composite sample, made up of thipe equal Py 
tions, one from each sampling point. 

Sansbled from tributaries of the Ohio were taken from only on 
sampling point, located at about mid-depth in midstream, excep 
on the Allegheny, Monongahela, and Tennessee Rivers, where sta 
tions including three points on a section were established precisel 
as on the Ohio. The other tributary streams being of much smalle 
section than the Ohio, it was considered that midstream carpe 
would sufficiently represent them. 

Durmg the earlier months of study, January, February, an 
March, 1914, samples were collected from just below the surface, 0 
carefully located sections, but at points located only approximatel 
in the center of the section-and on each side about midway betwee 
this point and the shore line. “When the sections were surveye 
during March and April, 1914, their locations were, in many in 
stances, shifted a short distance up or down stream. ‘These change 
in location of sampling sections, and the change from surface t 


mid-depth sampling points, appear, however, not to have made an 
significant differences in results. save iiediliaie ace a idl 
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SUMMARY OF LABORATORIES AND SAMPLING STATIONS 


The operations of the six laboratories, the sampling stations main- 
tained, and the purposes which they were intended to serve are 
summarized below... The total number of sampling stations included 
in this summary is 37, of which 27 were located on the main stream 
of the Ohio, and 10 on tributaries, including the Allegheny and 
Monongahela. In addition to these, a few other sampling stations 
were established both on the Ohio and on minor tributaries within 
the several laboratory districts and samples collected from them for 
a while until it became evident that no well-defined purpose was 
served by them. They were discontinued and the records, being 
incomplete or of no special consequence, are not included in this 
report. 

Of the stations included in the record and maintained throughout 
the study, some failed to serve the purposes for which they were 
established, because the changes which they were intended to measure 
were not accurately measurable. For example, station No. 355 was 
intended, by comparison with station No. 348, to measure the effect 
upon the river of sewage from the city of Portsmouth, Ohio, but failed 
of this purpose because the increase in pollution was not sufficient to 
be accurately measurable. 


I. PirrspurGH District 


Laboratory located at United States marine hospital, Pittsburgh. 

Passed Asst. Surg. Paul Preble in charge. 

Period of operation: From January 1 to October 15, 1914. 

Stretch covered: From upper limit of city of Pittsburgh on Alle- 
gheny and Monongahela Rivers to a point on the Ohio River below 
the mouth of the Beaver River, 29 miles below Pittsburgh. 


SAMPLING STATIONS 


Station A-7.*—On the Allegheny River, 7 miles above mouth, 
immediately above the upper limits of the city of Pittsburgh proper. 

Staton M-12.°—On the Monongahela River, 12 miles above the 
mouth, immediately above the upper limits of the city of Pittsburgh 
proper. 

Station No. 8.—On the Ohio River, 3 miles below junction of 
Allegheny and Monongahela, below sewer Soe of greater part of 
Pittsburgh metropolitan district. 

Stations Nos. 11, 19, 23.—Between lower iene of Pittsburgh and 


mouth of Beaver River. 


_ Station “ Beaver.’’—Beaver River, one-half mile above mouth. 
Station No. 29.—Ohio River, 4 miles below mouth of Beaver River. 





? From January to April, 1914, inclusive, samples from the Allegheny and Monongahela Rivers were 
taken from stations just above their confluence and subject to pollution with sewage from the city of 
Pittsburgh. These stations which were subsequently abandoned were designated Allegheny-1 and 
Monongahela-l, 
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IMPORTANT FACTORS 
: 


1. The sewage from a large part of the Pittsburgh metropolitan dis- 
rict, discharged between stations A~7 and M—12; above, and ‘station 
No. 3, below, including sewage discharged into two small tributaries, 
lurtle Creek and Chartiers Creek, which empty into the Mononga- 
1ela and the Ohio, respectively, within this zone. 

2. Natural agencies of purification in successive zones between 
station No.3 and station No. 29. As small amounts of sewage are 
lischarged into each of these zones and as the Beaver River enters 
yetween stations 23 and 29, the effect of natural purification is more 
yr less obscured. 


INTERMEDIATE BETWEEN PITTSBURGH AND WHEELING DISTRICTS 


This stretch of river, 36 miles in length, receive no important 
ributary but drains an aggregate area of 1,110 square miles, having 
un urban ‘population of about 58,300, including 41,300 sewered. 


II. WHEELING DiIstTRICT 


Laboratory located in post-office building, Wheeling, W. Va. ~ 

Asst. Surg. M. H. Neill, and subsequently Sanitary Bacteriolo- 
zist M. V. Veldee, in charge. 

Period of operation: From May 1 to October 15, 1914. 

Stretch covered: From above city of Steubenville, Ohio, to point 
about 10 miles below Wheeling. 


SAMPLING STATIONS 


Station No. 65.—On Ohio River, immediately above Steubenville, 
Ohio, a city of 26,600 population. 
~ Station No. 77.—On Ohio River at nearest practicable point below 
Steubenville. f 3 
“Station No. 88.—On Ohio River immediately above Wheeling. 

Station No. 97.—On Ohio River immediately below Wheeling and 
adjacent cities. 

Station No. 104.—On Ohio River immediately below Mounds- 
ville, W. Va. 


IMPORTANT FACTORS 


1. Net change in conditions between lowest sampling station in 
Pittsburgh district, station No. 29, and upper station in Wheeling 
district, station No. 65. Since this stretch receives some slight 
additional sewage pollution, it does not afford an accurate measure 
of natural purification. Sewage from the cities of Steubenville, 
Mingo Junction, Wellsburg, and other smaller communities, with a 


combined population of about 39,400, and. a sewered population 
of 24,500, enters the river between stations 65 and 77. 
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2. Extent of natural purification taking place in the stretch of 11 
miles between stations 77 and 88, in which practically no actin al 
pollution is introduced. 

3. Sewage from the city of Wheeling and its environs, with} a 
combined population of about 88,300 and sewered population About 
70,100; entering the river between stations 88,and 97; 

4. The effect of natural purification observed between stations 97 
and 104, which is somewhat obscured. by the effect of slight additional 
sewage Poti: chiefly from Moundsyille, W. Va., sewered PORWHs 
tion, 5,300. ) 


INTERMEDIATE BETWEEN WHEELING AND PORTSMOUTH DISTRICTS 


This is a stretch of river approximately 245 miles in length, receiving 
at irregular intervals six major tributaries, namely, the Muskingum, 
Little Kanawha, Hocking, Kanawha, Guyandotte, and Big Sandy 
Rivers; and receiving sewage from the cities of Marietta, Parkers- 
burg, Huntington, Ashland, Ironton, and several other smaller 
communities, no single one of which is of sufficient size to have a 
marked effect upon the pollution of the stream. 

During the summer of 1914, samples were collected at weekly 
intervals from these eo bkene near their mouths; but no, other 
observations were made within this stretch. ea] 


III. Portsmournu District 
; 


Laboratory located in First National Bank building. 

Passed Asst. Surg. L. R. Thompson and, subsequently, Sanitary 
Bacteriologist H. B. Corbitt, in charge. 

Period of operation: Wom January 1 to October 15, 1914. dO 

Stretch of river covered: From a point immediately above Ports- 
mouth and its suburbs, 349 miles below Pittsburgh, to a point below 
the junction of the Scioto River, about 5 miles below Portsmouth, 
and 358 miles below Pittsburgh. 


SAMPLING STATIONS 


Station No. 8349.—On Ohio River, above Portsmouth. | 
Station No. 355.—On Ohio River immediately above junction of 
Scioto River at lower limits of city of Portsmouth. 
Station ‘‘Scroto.”’—Scioto River at its mouth. © 
Station No. 358.—Ohio. River, about 3 a below junetion cE 


Scioto. 
IMPORTANT FACTORS 


1. Net change in conditions between’ the lowest sampling station 
at Wheeling, station No. 104, and the upper station in Portsmouth 
district, station No. 349. In this stretch numerous small cities. dis- 
charge their sewage and several large tributaries: join thé ‘Ohio ~ ” 
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2. Sewage from the city of Portsmouth, with a population of 
about 30,000 and sewered population about “10, 200, discharged into 
the Ohio River between stations 349 and 355. The amount of sew- 
Bo discharged from Portsmouth is not sufficient to make an accu- 
tely measurable increase in the pollution between these two sam- 
pling stations; also the lower station, No. 355, was not at a sufli- 
cient distance below Portsmouth sewer outlets to allow of thorough 
mixture. 

' 3. The Scioto River, entering the Ohio River bétween stations 
355 and 358. This stream is rather highly polluted, receiving the 
ewage from Columbus, Ohio, a city of about 209,000 population, 
a 125 miles above its mabuth, ; 


INTERMEDIATE BETWEEN PORTSMOUTH AND CINCINNATI DISTRICTS 


This is a stretch of river 103 miles in length, in which no tributary 
received except minor streams draining a total area of 2,160 square 
miles. Direct sewage pollution is received only from two small 
towns, Maysville, Ky., population 6,700, sewered population 2,400; 
end Ripley, Ohio, population 1,840, sewered population 300. 


‘" 


5 IV. Cincinnati District 


t 
} 


Laboratory and: headquarters’ for the investigation located in 
Pate States marine hospital. building, Cincinnati. 
- Passed Asst. Surg. W. H. Frost, in charge. 

Period of operation: From Fanuary 1, 1914, to December 31, 
: 916.4 
Stretch of river covered: From upper limits of city of Cincinnati, 
461 miles. below Pittsburgh, to.a point below the junction of the 
‘Miami River, 492 miles below Pittsburgh. 


119 SAMPLING STATIONS 


_ Station No. 461.—On Ohio River, immediately above Cincinnati 
metropolitan district. 

Station “Little Miami.’’—On Little Miami River, about one-half 
mile above mouth. 
I Station ‘‘Licking.’?——On, Licking River, about 3 miles ‘above iouth, 
above all except slight pollution from Cincinnati metropolitan district. 
: Station, No. 475.—On Ohio River, below all sewer outlets from the 
‘Cincinnati metropolitan district, above Dam No. 37. | 
; Station No. 482.—On Ohio River, 7 miles below station next above 
and one-half mile below Dam No. 37. 


 3The sewage of Columbus is treated in a sewage disposal plant before its discharge into the river, but 
at the time of this study, 1914, the treatment works were overburdened, and from January 1 to April 20, 
1914, operation was suspended. : 

#This station has been continued in operation since 1916 as "gore. wa er for various studies relating to 
pollution. 


’ 
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Station No. 488.—On Ohio River immediately above mouth of 
Miami River. 

Station.‘ Miami.”—On Miami River, about 450. yards above 
mouth. 

Station No. 492.—On Ohio River, about 3 miles below cuit 


of the Miami. cil 


IMPORTANT FACTORS 


1. Net change in conditions between lowest sampling station at 
Portsmouth (station 358) and upper station in Cincinnati district 
(station 461). 

2. Sewage from the Cincinnati metropolitan district—population 
about 594,000; sewered population 494,000—entering the Ohio River 
between stations 461 and 475. 

3. The Little Miami and Licking Rivers, entering the Ohio between 
stations 461 and 475. 

4. Effect of natural purification, as shown between stations A75 
and 482 and between 488 and 492, no significant sewage pollution 
entering the river in these zones. 

5. Effect of the Miami River, entering the Ohio between stations 
488 and 492. 


INTERMEDIATE BETWEEN CINCINNATI AND LOUISVILLE DISTRICTS 


This is a stretch of river 106 miles in length receiving no significant 
additional sewage pollution, but receiving one large tributary, the 
Kentucky, about midway between these two districts; also minor 
tributaries draining a total area of 1,680 square miles. 


SAMPLING STATIONS FOR SEMI-WEEKLY COLLECTIONS OF SAMPLES, FORWARDED 
TO CINCINNATI FOR EXAMINATION 


Station No. 543——On Ohio River immediately above the Ken- 
tucky River. 
Station “‘ Kentucky.’”’—On Kentucky River at its mouth. 


IMPORTANT FACTORS 


1. Effect of natural purification between stations 492 and 543. 

2. Effect of Kentucky River as calculated from its discharge and 
its observed condition. Under ordinary circumstances the inflow 
of the Kentucky River adds not more than 10 per cent to the volume 
of the Ohio River and does not materially alter the condition of 
pollution in the main stream. 


V. Lovisvitue District 


Laboratory located at United States marine hospital, Louisville. 
Sanitary Bacteriologist J. W. McBurney, - -and subsequently, 
Sanitary Bacteriologist M. V. Veldee, in charge. 
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4 Period of operation: From January 1, 1914, to December 31, 1915. 
After April, 1915, samples were collected only froin’ station”'No. 598. 
_ Stretch of river covered: From a point above the Louisville metro- 
politan district, 598 miles below Pittsburgh, to a point about 10 
miles below the metropolitan district and 619 miles below Pittsburgh. 


t SAMPLING STATIONS 


Station No. 598.—On Ohio River, immediately above Louisville. 

Station No. 611.—On Ohio River, immediately below sewer outlets 
of the Louisville metropolitan district. 

Station No. 619.—On Ohio River, 8 miles further downstream. 


IMPORTANT FACTORS 


1. Effect of natural purification between stations 543 and 598. 

- 2. Effect of natural purification between lowest station in Cincin- 
nati district (station 492) and station 598, with allowance for inflow 
of Kentucky River. 

3. Effect of sewage from Louisville metropolitan district, popu- 
lation 306,000, sewered population 180,000, entering beta sta- 
tions 598 and 611. 

4, Effect of natural purification oe stations 611 and 619. 


+ INTERMEDIATE BETWEEN LOUISVILLE AND PADUCAH DISTRICTS 


’ This is astretch of river approximately 300 miles in length, within 
which the Ohio River receives three important tributaries, the Salt, 
Green, and Wabash Rivers, and sewage pollution from Owensboro, 
Ky., population 17,500; Evansville, Ind., population 72,000; and 
Henderson, Ky., population 12,000; in addition to several smaller 
communities. 
~The chief factors affecting pollution in this zone are the natural 
agencies of purification operating in a stretch of 300 miles; sewage 
pollution from the city of Evansville, Ind.; and the inflow of the 
Wabash River. 
| VI. Papucayu District 

Laboratory located in City National Bank Building, Paducah, Ky. 

Sanitary Bacteriologist A. M. Besemer, in charge. 
Period of operation: May 1 to October 15, 1914. 
_ Stretch of river covered: From a point above the junction of the 
Cumberland River to a point about 12 miles below the city of 
Paducah. 
b, » Station No. 904.—On Ohio River, immediately above junction of 
Cumberland River. 

_ Station ‘‘ Cumberland.”’—Cumberland River gia AS above: 
mouth. 


SAMPLING STATIONS 
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Station. No. 920.—On Ohio River, above junction of Tennessee 
River and city of Paducah, Ky. * 
Station ‘“‘ Tennessee’’.—Tennessee River, immediately above mouth. 
Station No. 926.—On Ohio River, pcre sptb et below city ve 
Paducah. : 
Stations Nos. 93838 and 988.—On Ohio River, 7 and 12 a 
respectively, below station No. 926. 


IMPORTANT FACTORS 


1. Net change in conditions heb iret Louisville district and sta- 
tion No. 904. 

2. Effect of Cumberland River entering Ohio between stations 904 
and 920. 

3. Effect of the Tennessee River, the largest tributary of the Ohio, 
which enters between stations 920 and 926. 

4. The sewered population of Paducah which is not sufficient to 
make a measurable increase in | pollution of the Ohio River at ordi- 
nary river stages. 

5. Effect of natural purification between stations 926 and 933, and 
between 933 and 938. These stretches are too short to show consist- 
ently measurable effects. 

6. Conditions at stations 933 or 938 may be taken as representing 
approximately the conditions existing at the mouth of the Ohio River, 
which is some 30 miles below. 


SCHEDULES OF SAMPLE COLLECTIONS AND LABORATORY EXAMINATIONS 


The schedule followed in the examination of samples included: 

1. Routine examinations, made at all laboratories, namely, bac- 
teriological examinations, turbidity readings, and determinations of 
alkalinity and dissolved oxygen. 

2. Special and less frequent examinations, made only ,at. the 
Cincinnati laboratory, namely, mineral and sanitary chemical 
analyses, and microscopic examinations for plankton content. These 
were not undertaken at the subsidiary laboratories because the work 
could be more economically handled at one laboratory, thereby 
saving equipment, and because the results were not materially 
affected by the delay incident to shipment of the samples to the 
central laboratory at Cincinnati. ' 


* 


ROUTINE EXAMINATIONS 


Samples for routine examination at each laboratory were, so far 
as possible, collected from each sampling point. daily, excepting 
Sundays and. legal holidays. However, at a number of stations 
collections could be made only three times a\week, on alternate 
days. For instance, at the Wheeling laboratory, where there were 
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ive sampling stations, Nos. 65, 77, 88, 97, and 104, located at these 
espective distances, in miles, from Pittsburgh, it was impracticable 
o make collections from all these stations daily, without employing 
wo motor boats and two attendants for this purpose. Samples were 
therefore collected one day from stations 65, 77, 88, and 97, and the 
2ext day from. stations 88, 97, and 104. Similar arrangements were 
necessary for some. of the stations at Pittsburgh and Paducah. 
Since the results of individual examinations were intended for use 
only in deriving monthly or weekly averages, it was considered that 
observations on alternate days would ordinarily give average results 
comparable to those derived from daily observations. The examina- 
tions. of these samples included: 

1. Bacteriological examinations, consisting of a plate count on 
velatin, incubated 48 hours at 20° C.; a plate count on agar, in- 
cubated 24 hours at 37° C., and a quantitative fermentation-test 
for B. colt. 

_.2. Turbidity readings. These two examinations, a turbidity reading 
and. a. threefold. bacteriological. examination, were invariably made, 
and constitute therefore, the minimum of examinations for all samples. 
8. Determinations of alkalinity, using methyl orange as the indi- 
cator, made on all the samples collected from tributaries and those 
from selected stations on the Ohio in each laboratory district. Ad- 
ditional alkalinity determinations, with phenolphthalein as indi- 
cator, were made on samples from the Pittsburgh and Wheeling 
districts, where special interest attaches. to acid pollution. For 
these daily determinations of alkalinity, “section composite” samples 
were made up from equal portions of the three samples collected on a 
cross section. 

4: Dissolved oxygen determinations made daily at each laboratory, 
on samples from selected stations. For this determination, duplicate 
samples were collected at each point on the cross section, one sam- 
ple being titrated immediately, while the duplicate was incubated 
24 hours at 20° ©. before titration, in order to determine the 


oxygen loss. 
, SPECIAL EXAMINATIONS 


1. Samples for organic or sanitary chemical analysis were collected 
once or twice each week from selected stations in each laboratory 
district, and shipped by express to the Cincinnati laboratory. These 
samples unless. taken from tributaries, where the sampling station 
included only a single midstream point, were section composites, 
made up of equal portions from the three points on the cross section. 
The analysis included, as a minimum, determinations of nitrogen 
as free and albuminoid ammonia,’ as nitrates and as nitrites, and of 


————— eo T,,ereseew . . * : 
_ 8 From Sept. 1, 1914, the determination of nitrogen as albuminoid aramonia was discontinued, and de- 
termination of organic nitrogen by the Kjeldahl process substituted. 
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oxygen consumed (permanganate method), with additional deters 
minations in certain cases. : 

2. From January to April, 1914, inclusive, the aitanles used f Or 
sanitary chemical: analysis were d56 used for mineral analysis; b it 
thereafter samples for mineral analysis were made from selected sta- 
tions at each laboratory by adding each day an equal portion of water 
from each of the three points on the sampling section, the amounts 
added being such as to make a total volume of about two liters at 
the end of a month. These composite samples were then shipped, 
each month, to the Cincinnati laboratory for analysis. The analysis’ 
included determinations of: Total, volatile and fixed solids; alkalinity 
(as CaCO,); hardness (as CaCO,) by soap and soda reagents# 
sulphates; chlorides (as Cl); iron and calcium, with additional 
special determinations in certain cases. ay 

3. Samples for plankton examination, collected from selectec 
stations at each laboratory at weekly or biweekly intervals, were 
filtered through a Sedgwick-Rafter filter and the ‘‘catch,’’ pre- 
served in 70 per cent alcohol, forwarded to Cincinnati for micro- 
scopic examination.’ | 4 

This schedule of examinations, which is repeated in condensed 
form in the following summary, is shown in full detail in Figures 21, 
22, 23, and 24. 


SUMMARIZED SCHEDULE OF SAMPLES AND DETERMINATIONS 
I. DETERMINATIONS MADE IN ALL LABORATORIES 


1. Bacteriological and turbidity.—Individual samples from each 
point, all stations, daily or on alternate days. d 

2. Alkalinity (methyl orange).—Section-composite samples from 
selected Ohio River stations and from all tributary stations, daily 
or on alternate days. Additional. alkalinity determinations (phenol- 
phthalein), section-composite samples from Allegheny, Monongae 
hela, and Ohio Rivers in Pittsburgh and Wheeling districts. 

3. Dissolved oxygen (initial and after incubation).—Individ 
samples in duplicate from each point, majority of Ohio River and 
tributary sampling stations, daily or on alternate days. ¢ 


II. SPECIAL DETERMINATIONS, MADE ONLY IN CINCINNATI LABORATORY ~~ 


1. Organie (sanitary) chemical analysis.—Section-composite sam 
ples from selected Ohio River stations and all tributary stations, 
once or twice weekly. 


6 Until July 1, 1914, determinations of hardness were made by the soap method; thereafter by the usd 
of soda reagent, the determinations in both cases being made in accordance with standard practice. 

7 The results of plankton examinations have been fully reported in a previous publication, Pu 
Health Bulletin No. 131, “Studies of the Pollution and Natural Purification of the Ohio River, I,” and are 
therefore not presented in this report. - 3 
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.,. . 
2. Mineral analysis.—From selected stations on the Ohio. and 
‘om all tributaries. From January 1 to April 30, 1914, same sam- 
les as were used for sanitary chemical analysis, thereafter monthly 
pmposite samples. 

3. Plankton examinations.—(a) Water samples from single, point 
1 section, at selected stations on Ohio River and tributaries, once 
eek y or once in two weeks. (6) Mud samples from single point at 
lected stations on Ohio River, once or twice monthly. 


(ETHODS USED IN THE COLLECTION AND EXAMINATION OF SAMPLES 


“A detailed description of the technique used in the: collection 
nd examination of samples is given in the appendix, but as the 
leterminations undertaken include only those which are ordinarily 
nade in the sanitary examination of water and sewage, and as the 
nethods used are quite well standardized and generally familiar, such 
ull descriptions as are given there are required chiefly for detailed 
omparisons with other data and for reference in the future when 
uurrent practice may have changed. For ordinary interpretation of 
he data it suffices, perhaps, to state that the observations were 
n ade with care, in accordance with established principles, and gen- 
rally following the technique recommended at that time by the 
Arr erican Public Health Association.® 


OD era COLLECTION OF SAMPLES 


The methods used. in the collection of samples for chemical and 
bacteriological examination require little explanation beyond the 
lescription which has already been given of the location of sampling 
0ints. During January, February, and March, 1914, samples were 
taken from near the surface by plunging an open bottle, fixed in a 
sonvenient holder, to a depth of about 2 fect. Thereafter samples 
vere uniformly taken at mid-depth. When samples for dissolved 
oxygen “determination as well as for bacteriological examination 
were required, a specially designed apparatus was used, as described 
in ‘the appendix. Where only a bacteriological sample was required, 
it was obtained by lowering a glass-stoppered sterile bottle to the 
required depth, using a rigid holder with a simple device for open- 
ing and closing the bottle. | 
_ All sample collections were made at first by. technically trained 
cientific assistants, and were subsequently entrusted to. carefully 
elected attendants only after the latter had been thoroughly in- 
tructed and drilled in the technique and had been found to be fully 
eliable. . 


8 "The standard reference ; more 
Pub. Health Ass’n., Boston, 1912. Three revised editions of this publication have sin 
17, 1920, and 1923, respectively, altering the recommendations as to some procedures. 
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As the most important precaution against significant changes in 
the bacteriological and dissolved oxygen samples between collection 
and examination, they were delivered at the laboratories and examined 
as promptly as possible, usually within four hours, often within one 
or two hours after collection.® In warm weather bacteriological 
samples, as soon as collected, were packed in ice or placed in small 
refrigerators kept on board the boats, and were kept at a low tem- 
perature until delivered and examined. Dissolved oxygen samples 
were kept at a temperature as near 20° C. as possible. Samples for 
sanitary chemical analysis, collected at other laboratories and shipped 
to Cincinnati for examination, were usually received there and ana- 
lyzed on the day following collection. ‘These samples were not iced, 
but in warm weather a small amount of chloroform was added for 


preservation. 
TRAINING OF LABORATORY PERSONNEL 


At the Cincinnati laboratory, during a part of the period of study, 
determinations of turbidity, alkalinity, and initial dissolved oxygen 
content of samples were made on the boat used for sample collections, 
by the attendant assigned as sample collector. ‘The two attendants 
to whom this work was entrusted were, however, college students 
who had received some training in laboratory technique; and before 
being assigned to this duty they had been carefully drilled and 
checked in the technique. With this exception, all laboratory 
examinations were made by technically trained assistants, either 
medical officers, sanitary engineers, bacteriologists, or chemists. 

In order to coordinate and standardize the technique of the various 
laboratory workers more thoroughly than could be done through 
written instructions alone, each of them, regardless of previous train- 
ing, before being assigned to work in a branch laboratory, was given 
several weeks of special training in the Cincinnati laboratory, check- 
ing his technique with that used there. Also, each branch laboratory 
was frequently inspected by one of the officers from the Cincinnati 
laboratory, and current results were reported weekly in such detail 
that irregularities could be promptly discovered and corrected. 


LABORATORY METHODS 


With the exceptions noted in the detailed description of methods 
given in the appendix, the technique of bacteriological and chemical 
examinations followed the recommendations given in Standard 
Methods for the Examination of Water and Sewage (edition of 1912), 





* Samples from the Kentucky River and from station No. 543, on the Ohio River just above the junction 
of the-Kentucky, were collected by a local employee, resident in that vicinity, and shipped to Cincinnati 
by express, in specially designed cases, packed with ice. Under favorable circumstances they reached 
the laboratory in four to six hours after collection, but were sometimes delayed, in which case they were 
discarded. Samples from all other stations were brought direct to the laboratories by the messengers who 
collected them. 
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supplemented by considerably more detailed written instructions as 
to minor details of procedure. . 

All culture media used in bacteriological examinations, and the 
standard solutions used in making chemical tests, were prepared at 
the Cincinnati laboratory and. shipped to the branch laboratories. 
Especially in the case of bacteriological culture media this is believed 
to have been of considerable importance for insuring comparable 
results. 

In the bacteriological examinations the most important departure 
from Standard Methods, as prescribed in 1912, was in the media 
and procedures used in quantitative fermentation tests for B. colt. 
These, however, conform quite closely to the standard technique 
subsequently adopted (in 1917) and at present in general use. Cer- 
tain slight departures from Standard Methods in the preparation of 
culture media, which are noted in the appendix, probably had little if 
any effect upon the end results, except that the nutrient gelatin used 
for plate counts up to June 30, 1915, probably gave somewhat lower 
counts than would have been the case had it been made in strict 
conformity with Standard Methods. Except in the method of pre- 
paring gelatin, no changes in bacteriological technique sufficient to 
impair the comparability of results were made during the period of 
study. | 
- At the time when this study was begun, the determination of 
biochemical oxygen demand had not been adopted by the American 
Public Health Association as a standard procedure, and the method 
of making this determination had not been fully standardized. The 
technique of this determination, as described in the appendix is, how- 
ever, in substantial accordance with the procedure which has sub- 
sequently been adopted as standard. Likewise, the use of methyl 
orange as an indicator in determinations of alkalinity, though not 
recommended in the Standard Methods of 1912, has been included, 
since 1917, as a standard procedure. 

The most important changes in the procedures of chemical analysis 
which were made during the course of the study were: 

> 1. The discontinuance, on September 1, 1914, of determinations 
of albuminoid ammonia, and the adoption, from that date, of the 
Kjeldah! method for determination of organic ammonia. 

2. The change, in July, 1914, from the use of the soap method to 
the soda reagent: method for determinations of hardness, both pro- 
cedures being in accordance with Standard Methods. i 
- On the whole, it is believed that the results of bacteriological and 
chemical examinations made at the several laboratories are fully 
comparable, and are’of substantially the same uniformity as if made 
in a single laboratory. ‘The precision of observations, which depends 
‘in part upon considerations other than the care exercised in laboratory 
technique, is discussed in connection with the results presented in 
Sections V and VI. 


; 


. 


SECTION V 


CHEMICAL ANALYSES 


By W. H. Frost and H. W. Streeter 


The chemical analyses made in the course of this investigation 
may be classified into several series, according to the kind and fre- 
quency of the determinations made, namely: 

1. Determinations of turbidity, made upon all samples delivered 
to the laboratory for bacteriological examination, .as well as upon 
the less frequent samples collected especially for the purpose of 
chemical analysis. 

2. Determinations of alkalinity, using methyl orange as the indi- 
cator, made likewise upon all the samples, bacteriological as well as 
chemical, delivered from certain sampling stations, including all 
sampling stations on tributaries and about one-third of those on the 
Ohio. At stations upon the Allegheny, Monongahela, and upper 
Ohio parallel determinations of alkalinity were also made, using 
phenolphthalein as the indicator. 

3. More extensive but by no means elaborate mineral anadaeg 
including determinations of: residue on evaporation total, volatile 
and fixed; total hardness; alkalinity; chlorine, and in some AEM Ga 
of sulphates, calcium and iron. During the early months of the 
investigation, from January to April, 1914, inclusive, these determi- 
nations were made upon the same samples used for organic or ‘‘san- 
itary’? chemical analysis. Thereafter, beginning in May, 1914, 
monthly composite samples were used for mineral analyses. These 
composite samples were made up by adding to a 2-liter bottle an 
equal portion from each bacteriological sample collected during the 
month. By this procedure only one analysis a month was made 
for each sampling station; but as the sample analyzed was a com- 
posite of frequent collections, the result was presumably equivalent 
to the mean of separate analyses made at each collection. 

4. So-called sanitary or organic analyses, comprising determina- 
tions of nitrogen in various states of combination and of oxygen 
consumed by the standard permanganate method. From January 
to August, 1914, inclusive, nitrogen was determined as free ammonia, 
albuminoid ammonia, nitrites, and nitrates. Beginning September 
1, 1914, the determination of nitrogen as ‘‘albuminoid ammonia”’ 
was discontinued and the determination of nitrogen by the Kjeldahl 

110 
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procedure substituted. Samples for organic analysis were collected 
either once or twice weekly, the schedule varying at different sam- 
pling stations. 

5. Determinations of dissolved oxygen initially present in sam- 
ples collected daily or on alternate days from a large majority of the 
sampling stations, and of the loss in dissolved oxygen in 24 hours’ 
incubation at 20° C. in a sealed container. 

The schedule for collection of samples for each of these determina- 
tions at each sampling station is shown in detail in figures 21, 22, 
23, and 24, and is indicated also in the basic tables presenting the 
results. The methods used in analysis, in so far as they require 
any description beyond reference to the current (edition of 1912) 
Standard Methods for the Examination of Water and Sewage, are 
also described.in a foregoing section, and in the appendix. 

The number of analyses made, totaling more than 1,500 organic 
analyses, and many more determinations of turbidity, alkalinity, 
and dissolved oxygen, is too great to permit of their presentation 
in detail, giving the results of each separate analysis. The results 
are, therefore, presented primarily in the form of monthly averages, 
in two basic summaries, as follow: 

Table No. 50, showing, for each month, the mean results of the 
organic and mineral analyses made at all stations. Monthly mean 
temperatures of the water, river stages, and discharges at the various 
reference gages are also given in this table for convenience of refer- 
ence. Turbidities and alkalinities as given in this table, except as 
otherwise noted, are means of determinations made upon the same 
‘samples used for sanitary and mineral analyses, and consequently 
are not identical with the means derived from examination of the 
more frequent samples collected for bacteriological examination, as 
given in connection with the latter (in section VI). 

Table No. 51, showing, for each month, the results of dissolved 
oxygen observations at all stations, in terms of initial dissolved 
oxygen in parts per million, per cent of saturation at the prevailing 
‘temperature, saturation deficit in parts per million, loss of oxygen 
on incubation for 24 hours at 20° C., and total biological oxygen 
demand as calculated from the other data. These tables show also 
the mean temperature at each station, and the estimated time of 
flow, in days, to each station from (a) Pittsburgh and (6) the station 

next above. 

Additional tables, included in the text of this section, are, for the 
most part, rearrangements of or derivatives from the data given in 
these tables. In the latter case the primary data, having been 
presented in the basic tables, are not repeated. 
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Tasie No. 51.—Basic summary of all dissolved oxygen determinations at samplin 
stations on the Ohio River and tributaries, by months, May, 1914, to April, 191é 


inclusive 





MAY, 1914 
Mean time 
of flow, days | Initial dissolved oxygen tes esey 2oe 
from— 
Ceemernrislesty nar en OER Loh 

write % hours aE 

i neuba- Quani 
ea: temper Sta- | parts | Per | Satura- | tion at | parts | , units 
ure \: | Pitts- | tion tion 20° OC, (—p. p. w 


burgh | next million satura-| deficit |(p. p. m.) million x th 














above tion |(p. p. m.) sand sec- 
ond-feet, 
Allegheny-7.-------- kia) eae ef ae, § 9. 00 98. 0 .19 2.18 
Ri ononeatiolesis ee Se 28. 8 Wie SES Seat Soe toe 7. 21 83. 0 1.39 - 36 1.75 
Ohio NG, 82222". 15.8 0. 09 0. 09 9.10 91.1 . 89 99 4. 80 
Ohio NO; 1S. 25 16. 0 . 30 sak 9. 32 93. 8 63 1. 05 5.10 
Ohio Nosl8. 2 ce 15.8 . 48 .18 9. 27 92.8 72 . 94 4. 56 
Ohio NO. 232 5e. 252 16. 0 . 56 . 08 9.10 91.5 85 . 89 4.32 
‘Desver es se 17,7 . 60 . 04 9. 29 96. 8 31 1.14 5. 53 
Ohio No: 202-2223 14,3 . 66 06 9. 53 92. 5 Sin 1. 41 6. 84 
Ohio Now65i cue? 16. 6 1.18 52 8. 60 87.6 1,22 . 97 4.70 
(Qhios NO, ifs 22 16.8 1, 38 . 20 8. 80 90. 0 - 98 1.07 5. 20 
Ohio:N0::88 22-3325 16.8 1, 56 .18 8. 89 90. 9 . 89 1. 47 7.13 
Ohio'No; 97z <-3-23-. 16.3 1.71 vig 8.71 88. 1 1,18 1.36 6. 60 
Ohio No. 104____._-- 16. 4 1, 86 15 8. 37 84. 9 1. 50 1.01 5. 05 
Ohio No. 349______-- 17.0 5. 89 4. 03 8. 43 86. 6 31 325 1, 23 
Scioto. 2 ee 18. 6 6. 00 ost 8. 26 87.0 LIZ . 60 2. 92 
Ohio:No. 462= 2225.2 17. 6 7. 65 1.65 8. 20 85. 8 1. 42 - 46 2. 24 
Little Miami-______-- 18.8 7. 67 02 8. 41 89. 7 . 98 .79 3. 84 
Licking =. as 19.4 7.77 10 8. 60 92. 6 . 68 1.10 5.34 
Ohio No. 475_______- 17.4 7. 87 -10 8.18 84. 2 1. 54 .79 3. 84 
Ohio No. 482___.___- 17.1 8. 00 13 8.17 84. 2 1.55 . 85 4.13 
Ohio No. 488_______- 17.0 8.11 .10 8.14 83. 5 1. 60 . 64 DAE 
Mitemn§ oes se 17.5 8.12 . 02 8. 63 89. 5 1.01 . 98 4.76 
Ohio No. 492.2 ~~) .- 16.9 8.16 . 04 8. 09 82.9 1. 67 . 78 3.79 
Ohio No. 598____---- 17.6} 10.14 1.98 8. 01 83. 3 1. 61 70 3. 40 
Ohio No. 611__--__--- 18.0 10. 42 . 28 7. 90 82.8 1. 64 73 3. 55 
JUNE, 1914 
Allegheny-7_-____-_- S3f0 test <b wucoee 7. 59 87.5 1. 09 0.31 1, 51 
Monongahela-12_____ 2 AEs 5 alah. 2a 6. 41 75. 2 2. 09 . 27 1.31 
Ohi Nord scree 24.0 0. 38 38 5. 40 63. 3 3.13 . 34 1. 65 
Ohio No.AL... .. 4. 25. 0 1. 45 1.07 7. 29 87.0 1.09 . 43 2. 08 
Ohid- No. 192.2 3f 24.0 2 22 <a4) 7.39 86. 6 1.14 . 38 1.85 
Obie NO. 23..0 uae 23. 4 2. 54 .32 7. 29 84. 7 133 ~32 1.55 
Bogher i. awn eo akes 23. 4 2.70 16 7. 70 89. 3 . 92 . 49 2. 38 
Ohio No. 29. Woo pacleeetwswesy 2. 96 26 8.01 93. 0 . 66 18 . 87 
Ohio No. 65_-__.---- 22.7 4.44 1. 48 7.79 89. 4 . 93 . 52 2. 52 
Ohio No. 77... .--.t_. yay § 5. 46 1. 02 8.11 94. 8 . 46 57 2.77 
Ohio No. 88__---..-- 23, 7 6. 11 65 8.18 95. 6 .39 75 3. 64 
Ohio No. 97___..---- 22. 6 6. 69 58 ive 88. 2 1.03 . 57 2.77 
Ohio No. 104_-____.. 23.3 %. 23 54 7. 67 88. 9 . 96 Ef 3. 45 
Ohio No. 349_______- 2bi6 17. 32 10. 09 7.42 89. 4 88 42 2. 04 
Scioto... 2, _cewees 24.5 | 17.52 20 7. 76 90. 6 69 1.03 5. 00 
Ohio No. 461_-..--.- 26.2 | 20. 24 2. 72 7. 88 96. 3 al - 50 2. 43 
Licking@ <2. .vaho< 27.6 | 20.54 30| 6.88] 86.2 1.10 .98| 4.76 
Ohio No. 475_-_...-- 26.2} 20.91 37 6. 35 77.6 1.84 . 90 4. 37 
Ohio No. 482____.-_- 25.8 | 21.39 48 6. 79 82.3 1. 46 -91 4. 42 
Ohio No. 488___-.__- 25.6 | 21. 64 25| 6.45] 77.9 1. 83 -74| 3.60 
Miamb. 2 5.020 oe! 25.6 | 21.69 05 7. 90 95. 4 .38 1. 50 7.28 
Ohio No. 4922. te 25.-0 -|--21.-77 08 6. 48 Wicd 1.90 . 90 4.37 
Ohio No. 598______-_- 2523.1 27: 88 6. 06 7. 51 90. 2 . 82 . 95 4. 61 
Ohio No. 611_~s-_.-- 25.9 | 28. 78 . 95 7. 38 89. 6 . 86 * 282 3. 98 
Ohio No. 904_____._- 26.9 | 41.62] 13.79 7. 24 89. 6 84 - 40 1. 94 
Cumberland____._--- 29.4 | 41.96 . 34 5. 56 88. 3 2.15 . 00 . 00 
Ohio No. 920 26.9 | 42,34 38 7. 44 92. 1 . 64 . 35 1.70 
Tennessee - -._...-_-- 29.6 | 42.40 06 6. 56 85.3 £513 . 26 1, 26 
Ohio No. 933________ 28.0 | 42.95 55 7. 20 90. 9 72 ace 3. 74 
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CONDOR WHWOBOHANKFAWANAOMN 


JULY, 1914 
Mean time 
of flow, days | Initial dissolved oxygen Total oxygen 
from— L demand 
Oss 
Mean |---| ain 
T 
Station inne. incuba- Quantity 
ture °C : Sta- | parts | Per | Satura- | tion at | poy units 
é de aon sent eo 20°C. pet (p. p. m. 
urg nex fF satura- efici p. p.m f x thou- 
above | Mullion | “tion |(p. p. m.) million | sand sec- 
ond-feet) 
Allegheny-7_.____- ra Ar to 23 ee OS 7. 36 87.1 1. 02 0. 33 1. 60 5. 
Monongahela-12__._. 2 |) aie i OR a 6. 58 78. 6 1.78 . 43 2. 09 4, 
Ohio INO. Bae é. 3 dos 25. 1 0. 68 0. 68 4. 36 52. 1 4. 00 . 44 2. 14 11. 
Ohio NODE aw 3-3 7ex 24, 0 2. 49 1. 81 4.21 84.5 1, 32 .41 1. 99 10. 
Ohio INOJ192 2. 22) 24, 2 3. 85 1. 36 7. 46 87. 8 1. 04 . 44 2. 14 11. 
@hio No 2s= = 224 24. 5 4. 45 . 60 a 2k 85. 3 1, 24 . 48 2.33 12. 
Beaver om Sri aren 23. 8 4,74 . 29 7.42 86. 7 114 . 64 3. 11 1. 
Ehio NOj65: =. - i... 24. 6 7. 45 2.71 7. 50 88. 9 . 94 . 24 1.16 7. 
Shio NOl 7a. ook ue 25. 0 9. 09 1. 73 7. 84 93. 5 . 54 .39 1. 90 12. 
Ohio NojSte = -. 2. 25.0} 10.20 1.01 7. 86 93. 8 352 . 49 2. 38 15. 
Ohio Nor St a. oh e- 24.8} 11.20 1. 00 7. 74 92.1 . 67 . 33 1. 60 11. 
Ohio Noi 104. 2. bone 24.8) 12.11 .91 7.49 89. 0 92 “OL 1,51 10. 
Ohio Nogs40 3. i sn 26.7 | 24.90] 12.79 6. 83 84. 2 1. 28 .38 1. 85 380. 
Scioto eae CP tte ee 25.6.| 25.10 . 20 7. 57 89. 6 iy fb . 90 4. 37 3. 
Ohio NOo?{461 22.) 27.1 | 27. 86 2. 76 7.70 95. 6 .35 . 40 1. 94 36. 
Licking ae FT aes are 29.3 | 28. 21 35 6. 63 85. 7 1.10 - 83 4. 03 0. 
Ohio IN@I 47002... <5 27.3 | 28. 64 43 6. 00 74.°9 2. 02 . 81 3. 94 74. 
Ohio No 4825. =i... 26.8 | 29. 20 . 56 6. 76 83. 5 1.34 . 81 3. 93 74. 
Ohio No. 488_______. 27.2 | 29. 46 . 26 6. 62 82. 3 1. 42 . 68 3, 30 62, 
Ohio No. 492_______- 26.5 | 29. 60 .14 6.434: 77.8 71 . 66 3. 20 64. 
Ohio No. 598_______- 27.0.| 36. 86 7, 26 7.70 95. 5 37 1. 01 4. 90 113. 
Phin, No:Gld 2. 2 2: 27.2} 38. 06 1. 20 7.45 92. 6 59 . 84 4. 08 94.4 
Ohio No. 619_______- 27.2.) 38. 38 - 32 7. 06 87. 8 . 98 . 98 4.76 109. 8 
Ohio No. 904_______- 28.3 | 53.19} 14.81 7. 51 95. 5 . 36 32 1. 55 47.7 
Cumberland________- 28.9 | 53. 64 45 6. 28 80. 8 1. 50 26 1. 26 10.1 
Ohio No. 920_______- 28.9 | 54.05 41 7. 34 94. 4 . 44 Po 1. 04 40.3 
Tennessee __-_______- 20.7) 54. 11 06 6. 47 84. 3 1. 20 18 . 87 16. 7 
Ghio No. 933___.___- 29.0] 54.69 58 6. 90 88. 8 . 87 28 1. 36 78. 8 
| 
AUGUST, 1914 
Allegheny-7-_______-- 23.0 les 32 See ee Se 7. 16 82. 4 1. 52 0. 39 1. 89 3.1 
Monongahela-12____- TA Be as a. eee Sty 6. 40 76. 0 2. 01 wee 3. 45 EBL 
mbtO NOt da 3.2 bo: 25. 0 1. 00 1. 00 2. 85 34. 0 5. 53 . 61 2. 96 11.0 
exhig Notla. yooh. 24. 5 3. 73 2. 73 6. 50 76. 9 1.95 . 51 2. 48 9.2 
Ohio Noi 19S st. 24, 4 6. 71 1. 98 6. 87 81.1 1. 60 - 52 2. 52 9. 4 
Pino Nor2s5 thee 24. 0 6. 59 88 6. 65 77.9 1, 88 -38 1. 85 6.9 
RANGES 3-60 eo) ck 23. 0 7. 01 . 42 7. 40 85. 2 1. 28 - 52 2. 52 0.9 
Ohio No; 65.2... 24.2} 11.49 4. 48 7. 75 91. 2 215 . 28 1. 36 6. 3 
mhio No! 7 4.) a 24.6) 13.81 2.47 7. 95 94, 2 49 12 . 58 240 
Ohio No, 88.222: <2. 24.4} 15.47 1,51 7. 76 91.7 71 . 50 2. 43 11.3 
thio No: 97... -) 2. 24.2 | 16.92 1. 45 7. 90 93. 0 . 50 . 55 2. 67 12. 4 
Ohio No, 104______-- 23.9 | 18. 26 1. 34 7. 59 88. 9 - 95 35 1.70 7.9 
Ohio No. 349_______- 25.7) 34.88] 16.62 7. 09 85. 8 1.18 Kou 1.80 21.2 
BeObOn oe at 24.8 | 35.12 24 7.30 87, Ouse. ty a . 83 4. 03 3.9 
Ohio No. 461__.__--- 26.4] 38. 34 3. 22 a Ok 89. 1 . 89 49 2. 38 33. 0 
Benstig to 27.2 | 38. 64 30 6. 58 81.8 1. 46 1.01 4. 90 3. 6 
Ohio No, 475______-- 26.3 | 39. 32 68 4. 97 60. 8 3. 20 79 3. 84 58. 4 
Ohio No, 482______.- 25.8} 40.01 69 6. 39 77. 5 1. 86 74 3. 59 53. 0 
Ohio No, 488_______. 25.9 | 40.30 29 6. 24 75. 8 2. 00 - 65 3.15 47.9 
Ohio No. 492_______- 25.0} 40. 45 15 6. 23 74. 3 2.15 . 66 3. 20 52.8 
Ohio No. 598-_____--- 26.0] 48. 98 8. 67 7. 81 96. 6 41 .33 1. 60 29. 3 
mnio No; 611 =... 22a. 27.0 | 50.42 1.44 7.79 95. 0 28 . 38 1. &5 33. 8 
Ohio No, 619______-- 27.1} 50.80 38 7. 33 91.1 72 . 60 2. 91 53. 2 
Ohio No. 904. -__---- 27.:5,| 67. 544 16. 74 7.18 89. 9 81 16 78 20. 6 
Cumberland______-.- 28.0] 67. 88 34 6. 28 79. 3 1. 64 -18 87 6. 0 
Ohio No. 920_-___---- 27.9 | 68. 37 49 7. 78 98. 2 :15 - 40 1.94 64. 5 
Tennessee__.._...__- 28.4] 68. 43 06 6. 95 88. 4 91 24 Tel? 19. 5 
Ohio No, 933-__-_-_-.. 27.9 | 69.00 57 7. 09 73.0 





126 OHIO RIVER——POLLUTION AND PURIFICATION 


Tanie No. 51.—Basic summary of all dissolved oxygen determinations at sampli 
stations on the Ohio River and tributaries, by months, May 


inclusive—Continued 

















ste 

F water 
Station tempera- 
ture °C. 
Allegheny-7_~__.---- 19.0 
Monongahela-12____- 21.0 
Ghio Noss =. 22} 21.0 
* +Qisio Noel? <t . 2s 3% 20. 5 
Ohio No. 19-2. .-.-.2 20. 5 
Ohio Noj2s2 = <-.- 20. 3 
Beaver 2 $2: 5-28 19. 0 
Ohio Noi66. -—--2.2% 19.8 
Oni NOL APs Be 25.82 20. 3 
Ghio No, 882 2-588 20. 4 
Ohio NoJ9724..-..3% 20. 4 
Ohio No. 104..____." 20. 3 
Ohio No. 349-_ _ 2. 22:3 
Meloto.. =. oes ee 21.1 
Ohio No. 461._____-- 22.4 
Pieking: * Ove® og 2e 22.5 
Qhio No./475..__...-2 22. 6 
Ohio No. 482... _____ 22.0 
Ohio No. 488-__...-" 22:3 
Ohio No. 492____._-- 22. 0 
Ohio No. 598_______- 22. 9 
Oftio No. 6112. . 2325 22.9 
Ohio No. 619___..--- 22. 6 
Ohio No. 904______2. } 23:5 
Cumberland--__. acl 24.'5 
OhioNo. 920 ~___---- 23.7 
Tennessee -_-___ 2-2 25. 0 
Ohio NOLO nine 24. 1 
Allegheny-7 -~___.--- 17.0 
Monongahela-12____- 19.7 
Ohio No.3 19. 0 
Ohio No. 18.3 
Ohio No. 18.8 
Ohio No. 17.9 
Beaver. 26-5. 5 3 16. 0 
Ohio No 17.7 
Ohio No 18,2 
Ohio No 18. 6 
Ohio No. 18.'2 
Ohio No. 104. _--___- 18, 1 
Ohio No. 349-_____.- 20. 2 
Seioto ls. S04 ee 19, 4 
Ohio No. 4612_.__2-. 20. 1 
Bicking: 5.Vab 3 20. 19.3 
Ohio No. 475___..__- 20. 6 
Ohio No. 482__.____- 18. 5 
Ohio No. 488____.___ 20. 1 
Ohio No. 492________ 20. 0 
Ohio No. 5982... 19, 6 
Ohio No. 611 -.--. = 20. 8 
Ohio No; 619. i 20. 8 
Ohio No, 904. ______- 21.3 
Cumberland-_______- 21.°5 
Ohio No. 920. __.1__ 213 
Tennessee __-_____ 21.6 
@hio No; $3382. -.1 2 21.4 





Mean time 


of flow, days 
from— 


~ Sta- 
tion 


SEPTEMBER, 1914 


Parts 


‘million 


8. 45 


MI NINI SD S100 DG SP DP DF ET NI NI.-90 ~I.00 90 90 90 
ow _ > ISOS OP Nwear-d 
PR hmm on Ke S282S88I8 


COWDEN WNH ORs 


OCTOBER 1-15, 1914 


7.94 


@e=-1W00tCrO 


OWN RF OODWNNof 


, 1914, to April, 1915 
















Initial dissolved oxygen Rae ose ‘ 
Loss 
| during 
24 hours 
Per | Sat Seat 
er atura- 10n a 
cent | tion ww ©, ee 
satura-| deficit |(p. p. m.) aiion 
tion |(p. p.m) san 
88. 2 1.10 0.46 | 2.24 5, 
71.3 2. 45 J55:} 2567 = 
30. 2 6. 28 .59 | 2.86 9. 
72. 6 2. 49 .44| 214 ye 
78. 0 1. 99 .54]| 2.62 8. 
58.7{' 3.77 . 08 . 39 1. 
82.7 1. 38 J27*)> bas - 
91.8 . 76 .23 | 1,12 5..¢ 
95. 2 44 {32-}>> 16a mr 
96. 3 . 33 .58| 2,82 12. 
95.9 . 38 .56 | 2.72 12. 
91.3 . 80 .53| 2.58 11. € 
88.0} 1.04 -30{ 1.46. 20. ( 
92. 3 . 68 -79| 3.84 3.1 
86. 8 1.17 44] 2.14 36. ¢ 
84. 9 1. 32 .73'| ~~ 86 a 
67.1 2. 87 .89| 4.32 75, 
79. 0 1. 84 74) 3.59 ~ eae 
77.0 2. 02 .62] 3.01 52. 7 
re 1.01 .64| 3.11 56. 
97.1 - 26 ba | --2.°32 52. 
97.0} oar -66| 2.72 56. | 
93. 9 . 53 .69 | 3.35 70. 
84. 7 1. 32 (Rte: eee 45. 1 
80. 1 1. 68 32°) 1:56 10. ¢ 
87. 0 1.11 43 |- 2.09 92. 
89. 8 . 85 .16 .78 12. 4 
84. 3 1, 33 30} 1.46 87. 
88.7 1.11 0.23} 1.12 0.§ 
64.8 3. 25 .35 | 1.70 1.4 
7.2 8. 63 29] 1.41 a 
67. 2 3. 11 927] 1032 ney 
72.3 2. 60° .19 92 1 
70. 4 2. 83 $44, . 53 «f 
79. 8 1. 62 .42] 2.04 ef 
93. 8 50 144 |-- 2% ‘By 
91.6 | . 80 .33] 1.60 4, 
89. 5 . 98 .34 | 1.65 he 
89. 2 1. 02 .38] 1.85 4, 
82. 3 1. 69 29] 1.41 3. 
89. 5 . 96 .38] 1,85 8. 
93. 5 . 60 -78|- 3.79 1.{ 
97.2 27 v8? }° 88 13. ( 
86. 5 1, 26 | .79} 3.84 3.4 
52.5 4, 31 1.32] 6.41 54, 
72. 2 2. 62 .84] 4.08 | 34. 
76. 0 2, 33 aay + Sea 33. 
76.7 2.14 .80} 3.88 Bu 
101. 5 —.14 .51 | 2.48 250 
103. 9 —,.35 aot ~ BAS mer Y- 
99. 8 . 02 ,73 | 3.55 37. 
93. 0 . 63 .42] 2.04 48, 
- 80. 4 74 .47| 2.28 7 
93. 0 163 144[ 214] - 87 
94, 0 . 54 187 4-280 22, 
89. 8 90 te eae 59, 


QO 90 90 23 0D SO SO NI S> BGO GO 90 GO ~1.90 GO 90 > 
OWE WOWWODWDNACOHPr OPPs 
8 % S 
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OCTOBER, 1914 





Mean time 








of flow, days | Initial dissolved oxygen or pe 
‘ from— ticks eman 
=—— during 
: wen 24 hours ; 
Station tempera- incuba- Quantity 


Sta- Per Satura- | tion at units 
i Parts cent tion 20°°C Parts p.m 



































FEBRUARY, 1915 


burgh | - next per | satura-| deficit (p p. m.)} Re x thou- 
above million tion |(p. p. m.) million sand sec- 
ond-feet) 
Ohio No. 461----_._- 15, OYE 66. 72). 282. 9.00} 94.3 54 0.66 | 3.21 40, 7 
@ieking._./_o8.2...1: 16.6 | 57.19} 0.47 8.88 | 90.5 94 1.05 | 5.10 18. 4 
Ohio No. 475..--__.- 17.8 | .57..65 46 6. 67 69. 6 2. 91. 1. 57 7.62 128. 8 
Ohio No. 482_---___- 17.9 | 58, 25 -70 | | 7.88 82. 5 1. 68 1.06 | . 5.15 87. 0 
Ohio No. 488__--.-.- 17.4 | 58. 64 29 7.79 | 80.6 1. 67 1.04 |. 5.05 85.3 
Ohio No. 492__-____- 17.1 | 58.79 .15| 8.36] - 86.1 1. 36 1. 21 5. 87 106, 3 
Ohio No. 598__.-_.-- 18.0] 67.40} 861 8.73 | 91.6 81 44 2..14 47.9 
Ohio No. 611__-____- 18.1 | 68.73 1.33 8.92} 93.8 60 54 2.62 58. 6 
Qhio No. 619----._-- 18.0 | 69. 08 35 8. 64 90. 6 . 90 57 2.7% 62. 0 
NOVEMBER, 1914 
Ohio No. 461___------ TT St. WD ke Sot 11. 94 99. 8 02 1. 90 9, 23 105. 2 
maicking --—--=. sss 7.6 | 37.74| 0.54] 12.72] 106.1 —. 73 2.20 | 10. 69 2.5 
Ohio No. 475-_---.-.- 8.3 | 38. 28 .54} 10.69] 90.7 1.10 2.44 | 11.85 139. 8 
Ohio No. 482..--.-.- 83 | 39.11 .83 | 11.41 96, 8 . 38 2.09 | 10.15 119, 8 
Ohio No. 488_----__- 8.6 | 39.43 .32| 11.03] 94.3 . 67 1.98 | 9. 62 113. 5 
Ohio No. 492------.- 8.5 | 39.60 .17} 10.50] 89.5 1. 23 2.10 | 10.40 131. 0 
‘Ohio No. 598_---._-- 10.0 | 50.04] 10.44] 11.46] 101.1 —.13 1. 47 7. 14 90. 6 
Ohio No. 611_---___- 9.9] 52.08| 2.04] 11.75] 103.4 —. 39 LiGSetar sere OF) Ot 
Ohio No. 619-_----__- 10.2 | 52.60 .52| 11.16] 99.6 Hr, 1. 46 7,09 87.1 
»? DECEMBER, 1914 
Ohio No. 461_------- 4,7 gm ei tS 11. 07 79. 7 2. 83 1, 56 7. 58 623, 0 
ee ee Re ee Te ee ce 2.44 | 11.85 72,2 
Ohio No. 475-_.--_--- 4,7 | 8.96 .14] 11.38] 81.9 2, 52 2.50 | 12,14 1070. 0 
Ohio No, 482: -_..._- YP 949640913 | OL AZ | HEL 50 ho 82.6 2.43 2.48 | 12.05 1063. 0 
Ohio No. 488-_._-__-- 4.9} 9.25 .12| 11.39] 824] ° 244 2522-\" 10.73 950. 0 
ESR 4,2| 9.27 .02 | 12.92] 99.0 .14 2.46 | 11.95 25.8 
Ohio No. 492. _.-__-- 4.6| 9.33 .06 | 11.49] 82.8 2. 44 2.51 | 12.20 1103. 0 
Ohio No. 598-_------- 4.0] 11.93 2.60 | 11.78] 89.7 1. 35 1.70 |. 8.25 796. 0 
Ohio No. 611__------ oS B71) 12,29 .36 |. 11.84] 89.5 1. 40 2.06 | 10. 00 965. 0 
Ohio No. 619. --.-- 3.6°| 12.44 215 | 12.20] 91.9 1.07 2.15 | 10,45 1008.0 
; JANUARY, 1915 y 
Ohio No. 461__-_--_- i erie: adhe y 12.78 | 90.3 1. 37 1. 46 7. 09 1, 219. 0 
Bt g PAL TOKE aa: 6.521 7010} 12.60 (2... ufo. 124 | 6,02 55:8 
‘Ohio No. 475___--__. 1.5| . 6.59 .07 |. 13.30} 94.8 .73 2.12! 10.30| 1,893.0 
Ohio No. 482_______- 1.5 6. 71 .12| 13.26] 94.5 £77 1.97 | — 9. 56 1, 756. 0 
Ohio No, 488_______- 1.4) 6.79 .09| 13.18) 93.8 89 1.84} 892] 1,640.0 
Miami ns Cae 10 6. 81 .02 | 13. 33 93. 8 90 | 2.08 | 10. 02 39. 0 
Ohio No. 492_-.--.-- 13] 6:83 .02] 13.11 93.0} 1.00 1.91 9. 27 1, 740. 0 
“Ohio No. 598._______ 1.6| 8.46 1.59} 12.80] 91.4 1. 20 1.89] 9.18] 2,036.0 
Ohio No. 611_.---..- 1.5] 8.66 .22| 12.74| 90.8 1. 29 1.99] 9.65] 2,140.0 
‘Ohio No. 619... ----- 1.6| 875 11! 1267) 90.5 1. 33 2.02} 9.80] 2,076.0 








G25 2. ESE 12.36 | 91:0 1. 23 1.09} 5.30} 1,181.0 

pee 3 H 6.24] 0.01| 1216} 91,0 1. 18 1.10} 5.34 61. 4 
Te REE ae 6329) (1 Oi G4) | OGL Ai eed MB aed. 1 sey 
a 3.3| 6.41], .11| 1278) 95.5 . 60 1.60| 776] 1,900.0 
Cate. 3.2 | 6.51 10 |12.76 |) 95.1 . 65 1.48] 7.19) | 1,760.0 

rs 3.2| 659], .08| 12.73] 95.0 . 68 1.46] 7.08} 1,735.0 

Raa eee 4.1} 6.61 .02} 1238] 945 72 1.58 | 7.67 136. 1 

= aie aletenciaiae 32| 6.64 "13 | 12.65| 943 . 76 1.57} 7.62}. 2,004.0 
roe: 3.0] 8.07] °1.48 | 12.41) 92.2 1.07 1.61] 7.8L}. (2,412.0 
cas 3.3.) 8.27 20} 1251] 93.7 . 87 1.48] 7.19] 2,220.0 
ew 3.3 | 837 | °.10})11247} 93.3 91 1.44] 6.99} 2,158.0 


ee 





i | 
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inclusive—Continued : 
MARCH, 1915 { 
Mean time 
of flow, days | Initial dissolved oxygen TOE i poe 
rom— Loss 
REC AAE brats Da PN POMS Ae 
ich 24 hours | ci 
Station incuba- uantity 
ome Sta- | parts | Per | Satura- | tionat | pat, | units 
ure °C. er pate per eats fe 20° C. y|_per ©. p. m 
urg nex : satura- ci p. p. m. A x thou- 
above | Mullion) “tion |(p. p. m.) million | sand sec- 
ond-feet) 
Ohio No. 461..-.----- 3.9 9: 26 }.s_ See 11. 99 91.1 1.17 0. 98 4. 76 378. 0 
Little Miami-__.__--- 4.2 9. 28 0.02; 12.11 92.8 95 > 1.02 4. 95 3a 1} 
Licking =. Teac s- ots Ye 9. 3 vi 1} 592500 ak. ee eele ku . 80 3. 88 16.3 
Ohio No. 475_..-...- 4.5 9. 53 14] ©12.33 92. 2 . 64 1. 48 7.18 604. 0 
Ohio No. 482___-.--- 4.5 9. 69 -16 | 12.33 91.9 . 64 1. 29 6. 26 527.0 
Ohio No. 488. ..---.- 4.5 9. 81 12 ft 2229 94.7 . 68 i 4!) 6. 26 527.08 
Mig. et So 5. 2 9. 83 .02] 11.71 92. 0 1. 03 L2 5. 92 17.9 
Ohio No. 492. ..----- 4.4 9. 89 -06} 12.19 93. 8 - 81 1. 38 6. 70 584. 0 
Ohio No. 598__------ 4.7} 12.45 2:56 | 212y21 94. 7 1. 69 1.41 6. 85 676.0 — 
Ohio No. 611. ------- 4.9] 12.80 -35}) 12. 26 95. 5 1.oF 1. 27 6.17 609. 0 
Ohio No. 619...----- 4.9} 12.95 Le Vy TEe2Z 95. 2 -61 115 5. 58 551.0 
APRIL, 1915 
Ohio No. 461_.------ 12.3 12: 46.4 nea oe 10. 00 93. 0 0. 76 0. 58 2. 82 112.9 
Little Miami_....--. 14.4] 12.49 0. 03 9. 92 96. 5 . 68 3. 30 a 
RaCea ng 6 ee eh se edcewe 12. 65 . 16 ny a See Se oes Se - 60 2. 92 4.0 
Ohio No. 475_.......- 12.4] 12. 84 -19} 10.19 94, 8 55 1.18 ay 238. 0 
Ohio No. 482. ......- 12.3 | 138.10 -26 | 10.20 94. 8 56 - 98 4. 76 198. 0 
Ohio No. 488___--..- 12.6.0, 13. 27 abi 10. 14 93. 7 69 - 98 4.76 198. 0 
Misi oS eL eae 14.4] 13.30 . 03 10.60} 103.1 —.32 1. 40 6. 80 12.9 
Ohio No. 492. __...-- 11.9 13.37 . 07 10. 05 92. 6 - 81 1.18 5. 73 249. 0 
Ohio No. 598__...--- 12.8] 17. 53 4. 16 10. 41 97.8 . 24 79 3. 84 185. 3 
Ohio No. 611_.....-- 12.8] 18. 25 .72] 10.83 101. 7 —. 18 1. 03 5. 00 241.5 
Ohio No. 619. _..._-- 12.8 | 18.46 -21 |} 10.68; 100.3 —. 03 1.09 5. 29 256. 5 


CONVERSION OF ANALYTICAL RESULTS INTO UNITS OF TOTAL WEIGHTS 
CARRIED BY THE RIVER 


For certain purposes it is necessary to base comparisons not upon — 
the concentration of a constituent in the river but upon its actual 
amount, which may readily be calculated knowing the concentration - 
per unit of volume and the discharge of the stream. As concentra- 
tion is expressed in parts per million (or milligrams per liter), and 
discharge in second-feet, the simplest expression of relative amounts 
is the product of concentration in parts per million by discharge in 
second-feet. This product may then be readily converted into terms 
of grams per second, per diem, or per annum, for since 1 cubic foot_ 
equals 28.317 liters, 1 milligram per liter in a volume represented 
by a discharge of 1 second-foot equals 28.317 milligrams per second. 
For convenience of reference this may be called a ‘‘second-foot- 
millionth,” as it represents the amount necessary to give a concen- 
tration of 1 part per million in a discharge of 1 second-foot. Similarly, 
the amount, 28,317 milligrams per second, necessary to give a con- 
centration of 1 part per thousand in a discharge of 1 second-foot, 
or one part per million in 1,000 second-feet, may be called a ‘‘second-— 


44 
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foot-thousandth.” This latter unit, obtained as the product of 
parts per million by thousands of second-feet, is a convenient one for 
many uses. Its equivalents in other more common terms are as 
follows: 


Bi A “second-foot-thousandth” =the amount which will add 1 part per million 
to a discharge of 1,000 second-feet; 
28.317 grams per second; 
2,446,589 grams per day; 
893,005 kilograms per year; 
5,393.69. pounds per day; 
1,968,719 pounds per year; 
878.89 long tons per year. 


a 

_ The unit “second-foot-thousandth”’ possesses no advantage over 
these equivalents except that it is derived more directly from the 
data at hand and is less unwieldy. 


hy 
x ; PRECISION OF ANALYTICAL RESULTS 


+ 


p' 


b One of the chief purposes which the chemical analyses serve is to 
indicate the direction and measure the extent of differences between 
conditions at different sampling stations at a given time, or at the 
3ame sampling station at different times, relating the observed 
differences to some determinable cause, such as the inflow of sewage 
from a known source or the operation of natural agencies of purifica- 
tion. For the interpretation of the results in such applications, or, 
deed, in any light, it is necessary to have some idea of their pre- 
cision, in order to judge whether observed differences are significant 
of actual changes in conditions or are attributable merely to chance 
variations in the observations. The errors to which the observations 
are subject are, however, rather complex. 
- To consider them in reverse order, there is, first, the error in the 
actual analysis of the sample. While a chemical analysis is a fairly 
exact procedure as compared with many biological observations, it 
nevertheless has its limits of precision. Aside from variations due 
to differences in the technique and judgment of different analysts, 
each determination has a more or less well-defined limit of delicacy, 
in respect of which different determinations vary widely. Fou 
instance, while the determination of nitrites is ordinarily carried to 
the nearest thousandth of a milligram, alkalinity is determined only 
to the nearest tenth, and turbidity only to the nearest milligram per 
liter, and in most determinations the last significant digit used in 
expressing the result is an interpolation. In general, the inherent 
ror in any chemical determination is not a constant part of a 
nila per liter, nor is it a constant proportion of the total, since 
1e absolute error (in milligrams per liter) tends to decrease, and 
he relative error, expressed as a ratio to the total, tends to increase 
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as the limits of the delicacy of the determination are: approached. 
It should be possible, by taking into account the details of procedur 
employed, to deduce with reasonable: accuracy. the. probable error. 
inherent in various chemical determinations. However, it would) 
not be profitable to undertake any such @ priore Aedacinae of the 
probable analytical error in the determinations made in this study, 
where other factors come in, such as minor differences in technique 
and judgment of the several chemists: by whom the analyses were 
made. Ni 

Again, there is obviously an error involved in the assumption that. 
the santo collected from one or more points on a cross section of a 
stream accurately represents the whole volume of water passing that 
section at the time. The perfect vertical and lateral mixture thus 
assumed is never realized, and while it may be approximated at some. 
sampling stations remote from any upstream source of considerable’ 
pollution, it may be far from the true condition at a cross section. 
located a short distance below the outlet of a large sewer or tribu-_ 
tary. Nor may it safely be assumed that this sampling error at a 
given cross section is a random. error, tending to compensation. It, 
may well be, and at some stations probably is, a. systematic. error, 
tending constantly to give a too high or, too low concentration ing 
the sample. 

Beyond this, there is the further error in the assumption that thes 
water passing a given section at the time of sampling is a fair sam-) 
ple of all the water passing the section in the interval of a day or. 
more which that sample is taken to represent. Actually, the chem-. 
ical characteristics of a river water vary widely, suddenly, and irregu-. 
larly with changes in river stage and in the proportionate inflow 
from various sources, so that the variation, even within 24 hours, 
may be considerable. This error, however, is presumably balanced 
over any considerable period of time. 

Where results are expressed in absolute amounts of constituents, 
carried, as calculated from concentration and discharge, still another. 
possible error is introduced, namely, that of the discharge estimates, 

Because of these complexities, the net, probable error of a. single. 
determination or a series of determinations can not be deduced with. 
any degree of confidence, but it may be at least approximated by a: 
study of the observed differences between values independently 
obtained, which, if precisely determined, should be equal. However, 
the available data afford but few sets of observations which may 
properly be compared on the assumption. that the differences observed, 
are due solely to errors in the observations. | , 

Perhaps the best data for such. purpose are afforded by the obser-_ 
vations on the Ohio River immediately above the mouth of the Scioto, 
as compared with the Scioto and the Ohio River below the junction 
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f the latter. The distance between the sampling station above the 
cioto (station 348) and that below the Scioto (station 358) is short; 
he velocity in this stretch is relatively high, so that the maximum 
ime of flow during the months of observation was only about 13 
ours, usually less than half this long, and between the two sections 
he Ohio receives no inflow of consequence except through the Scioto. 
such wastes as are discharged into the river in this stretch from the 
vartly sewered city of Portsmouth may be disregarded as being 
nsufficient to affect measurably the chemical content of such a large 
tream as the Ohio. 

_ The amount of any constituent carried by the Ohio at station 358, 
elow the Scioto, determined in ‘‘second-foot-thousandths”’ (parts 
yer million xX thousands of second-feet) should equal the amount 
arried by the Ohio at station 348 plus the amount carried by the 
scioto.! 

- A comparison of these values, which should be equal, is presented 
n Table No. 52, which shows, for each of the six determinations 
ncluded: 

(a) The monthly mean amounts carried by the Ohio at station 358. 
(6) The sums of the monthly mean amounts carried by the Scioto 
nd by the Ohio at station 348. 


! (c) The means of (a) and (6) ("). 


_ (d,) The differences (a—6), with positive or negative sign accord- 
ng as (a) is greater or less than (0). 
_(d,) The differences (a—b) expressed as percentages of the mean 


(a) + to-9 (>) x 100.] 


‘ “1 The discharge at rhe \discharge at station 358 is not independently stiealts being taken as the sum of the discharges 
of the Scioto and of the Ohio above the Scioto. 








by 
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The individual deviations vary from 1.1 to 49.4 per cent, the 
average deviations for the several determinations varying from +9.2 
to +24.1 per cent. 

In Table No. 53 all the deviations (d,), without didaiption as to 
the determinations from which they are derived, are assembled in a 
distribution according to sign and magnitude. From this it is seen 
that positive and negative deviations are as nearly balanced as 
possible, there being 29 of positive and 30 of negative sign, indicating 
that in this example the errors, including those of analysis, sampling, 
and discharge, are compensatory. : 


TaBLE No. 53.—Distribution of deviations (d .) as shown in Table N: 0. 62 


]Per cent of mean] 


Frequency 
Class 








10-14.9 per cent. -.- ~ 25 - tec eitod ce ee ee eee 
15-19.9 pér cents... 202 glk ee el ee ee 
20-24.9 per cent... ..22./_--250 1.2 ge Se ee eee 
25-29.9 per cent_....<2...--2.22- 2 ct Be eee ee ee ee eee ee 
30-34:9 per cent. aks 2. FS nk 2 a i 
35-39.9 Per CONG ea 2> oon Se cin nc ck ons mae a ee 
40-44.9 per cent. > 222 fe en Se ee : 
4549.9 per cent ._.=-....---2. 225.2. ...4., eee ce eee nea ee eee 


HOCH N HRN ~I00 
SCONNWaAGH BA 











Standard deviation of difference: o,-»=18.45 per cent. 
Probable error of differences: éa-p= +12.45 per cent. 
Probable error of monthly mean: ¢g=ep= £8.80 per cent. 

The “probable error,” that is the range within which one-half th 
errors would be expected to fall, in a large number of observations, 
is computed from the data of Table No. 53 by the general formul 

(1) e=0.67449c, where 
e=the probable error, and 
o=the standard deviation of the observed distribution. 
In this case the error thus computed is not the error of a monthly 
mean but the error of the difference between two menthly means, (a) 
and (b), expressed as a percentage of their mean; and bears to the 
separate errors of (a) and (6), respectively, the ralntiond 
(2) ea_» = Vea? Fey? where, | 
é, =the probable error of (a), 
é) =the probable error of (5), 
€,_»= the probable error of the difference (a—b). 


If it be assumed in this case that the errors of (a) and (6) are equal 
then: : 


(3) és p= Jere + €y)?= /2¢,?=e, V2 


(4) Ca =e ras and — 


Bp} 
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the values derived from the observed deviations (d,) distributed as 
shown in Tables 52 and 53, according to these formulae, are: 
Standard deviation of differences: oa, =18.45 per cent 
Probable error of differences: €a_b = +12:45 per cent 
Probable error of monthly mean:? e,=e, = +8.80 per cent 
The significance of these probable errors, according to the accepted 
mathematical theory upon which they are based, is that the difference 
between. the values of monthly means (a) and (6) which, in the 
absence of any error, would be equal to zero, is as likely as not to be 
within the range +12.45 per cent of their mean, provided the differ- 
ences are due entirely to random or chance errors. Or, in other 
words, in a sufficiently large series of observations, half the differ- 
ences (a —b) would fall within therange + 12.45 per cent of theirmean.° 
Similarly, as regards the separate values, (a) and (b), their probable 
error signifies? that an observed monthly mean at station No. 358, 
or at stations 348 and the Scioto, is as likely as not to differ from the 
true value by +8.80 per cent. Considering the small number of 
observations, the heterogeneous character of the chemical determina- 
tions considered, the variable number of separate samples included 
in the monthly means used, and that certain of the aesHinP ens 
made are probably not literally true, the computed ‘probable 
errors’ ’ should not be taken too liter aie They are to be taken as 
an indication rather than a measure of, the probable variation due 
to the combined errors of. analysis, sampling and discharge. 
_ The monthly means of chemical analyses at stations 348, 358, and 
the Scioto River which have been considered above are Sorntes 
from an average of 6.5 separate analyses each month at each station.‘ 
Table No. 54 presents a similar study of monthly mean turbidities at 
station 358 as compared with station 348 and the Scioto River. In 
this case each monthly mean at each station is based upon an average 
of 23 individual determinations; and, other conditions being com- 
parable, the probable error should be less than that of means based 
on smaller numbers of separate observations. The result, probable 
errors of +5.63 per cent as applying to the separate monthly means, 
nd + 7.97 per cent as applying to their differences, is consistent, in 
Gat the probable errors are slightly smaller than in the case of the 
onthly means in Table No. 52, where the frequency of sample col- 
lection is considerably less. It is to be noted, however, that the 
erences in Table No. 54,sare, with one exception, of positive sign, 
| uggesting that. there is a constant tendency toward higher turbidity 
| eadings at station 358 than at station 348 and in the Scioto. 











2 Depends upon the assumption that the two errors are equal, which is not necessarily the case. 


8 Actually 28 of the 59 deviations fall within this range. 
2 ‘Except as to alkalinity and hardness, which, during a part of this period, were determined from monthly 


yses of samples composited from daily collections. 
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Tape No. 54.—Amounts of turbidity (suspended matter) carried by the Ohio River 
at station 358, compared with the sums of amounts carried by the Scioto River and 


the Ohio River at station 348 


[Calculations based on monthly mean turbidities and discharges] 
4 





Turbidity, silica scaleX thousand second-feet 


Month Station | Mean Differ- Ratio — 
Station | 348 and | (4+b) ence | 4199 
358 Scioto ? (a—b) ic 
(a) (0) (c) 
1914 

Janiary sale coach 3.6. fates apres et = Seon 6, 821 5, 655 6, 

February ooo 2. ue oe ee 26, 483 25, 434 25, 959 

Marehs. 4+ 322 $.. 4b. open Pee eee 19, 773 19, 19, 520 

ADT! «2c oe oe a So ee 37, 034 35, 381 36, 208 

Mays «ccc ano} 4: to -$ 0s ee eo eee 948 16, 450 16, 699 

JONG. eee ee ee ee 643 628 635 

Jl chews et bo Bae eee 1, 353 1, 687 1, 520 

ATIMUSU. bee tO ce 1, 506 1, 229 1, 367 

September 4 - - 2226-4. / dcp ea eee eee 1, 291 1, 175 1, 233 

October’ 2 Too er oot oe 118 115 117 

WrGaN ow foe era ce wk ee ee ee ee 





Standard deviation of differences; 
Probable error of differences; 
Probable error of monthly mean; 


An opportunity for another similar 


O,~-b=+11.81 per cent 
€s-b = +7.97 per cent 
€a =€b= + 5.63 per cent 





study is afforded by observa- 


tions of turbidity in the Miami River, and in the Ohio River at sta- 
tions 488, immediately above, and 492, immediately below th 
junction of the Miami. Samples were collected from these three 
stations for a period of 33 months, from April, 1914, to December, 
1916, inclusive. During approximately half of this period, from 
December, 1914, to March, 1916, samples were collected five times 
each week, except as the schedule was accidentally interrupted, 
giving an average of about 22 samples a month. During the res 
mainder of the period samples were collected usually three days each 
week, collection being made on the same days from all three stations. 
This schedule, with occasional accidental interruptions, gave an_ 
average of about 10 collections a month from each station. 

Results at station 492 as compared with station 488 plus the Minnil 
River are shown in Table No. 55, which is similar to Tables Nos. 52, 
and 54, above. The deviations in column (d,) of Table No. 55 are 
assembled in order of sign and magnitude in Table No. 56. The 
positive and negative deviations are nearly balanced, and with respect 
to magnitude, the distribution of the deviations is fairly symmetrical. 
The probable errors of the differences'(a—b) and of the monthly 
means (a) or (6), + 9.38 and +6.63 per cent, respectively, are of the 


same order of magnitude as those determined in the two preceding 
examples. 


es, 


AS, a oe Ey 





' 
a 


a 


_ at Station 492, compared with the sum 














4 A . . 
; -and the Ohio River at station 488 
ft 
Zz Month 
4 492 
3 (a) 
Ep 1914 
tee aa 38, 820, 400 
RESETS St AS are 24, 259, 980 
eeenee et mee er ee re et 1, 045, 280 
CSS a eee 1, 120, 000 
A EDS ROSS io OCR eee 2, 141, 100 
UE SU gS Sl 1, 687, 280 
Se Se) RI, Spa 3, 120, 080 
2 Sins =n ie pl 150, 984 
TR EE CLE SE SE 27, 198, 360 
x 1915 
yan pyelaucthra ieendaallleacaia 49, 922, 540 
PeMMlAnys © oo teetrr os Pech ice ceri 37, 588, 980 
0 Pia ds so 2 Jey Neen eR at ea ae 7, 152, 860 
oS ese ee Ba ee eee 1, 218, 000 
a a Re ee IGEN 2 pa a ne 19, 299, 520 
eee ee eee eee LL .] 80, 584, 610 
8 joe 2S Oe .--4_---} 64, 961, 500 
Se ey ee aera ee ere re 19, 999, 680 
MRR WOT ee ee 10, 822, 500 
ON ayer ge ey 28 ST TS ee OS ce ee ae 13, 130, 250 
Mt Ol eee ee nee 4, 898, 790 
December peepee meerise re 8 ft zi 30, 804, 840 
rs 1916 
PE ie ees es ee NA tA 104, 655, 600 
GT ES Se Sage ee 60, 004, 360 
ees ore Ae Ph 89, 852, 820 
lle Sil e Se ee ee eee 25, 302, 740 
meee Arty oe! Pe eee 17, 092, 832 
le Ako Le ps Se es 37, 794, 069 
Rete sees. APNE HA ALE St) fe 10, 167, 850 
SS AES a Dap a 16, 828, 376 
ptember, 5 Ee 1a UES SIRE AO ol eA ee 956, 4 
See ee ee 1, 715, 754 
MIRON ee cL 300, 192 
ELS TIS TN SS SO Se 10, 404, 000 
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Turbidity, silica scale x discharge 


488 

5 wer 
Miami 

(0) 


33, 107, 400 
22, 154, 870 
1, 372, 760 


, 
2, 617, 550 
1, 565, 480 
2, 123, 020 
171, 386 
28, 568, 520 


0, 020, 840 


1, 159, 500 
17, 726, 360 
34, 050, 580 
58, 736, 000 
16, 718, 160 


5, 599, 840 
30, 508, 740 


98, 535, 680 
55, 051, 160 
92, 534, 940 
23, 679, 580 
16, 035, 680 
38, 309, 216 
10, 855, 050 
16, 997, 808 
882, 342 

1, 774, 592 
297, 382 
11, 136, 255 





Mean 
a+b 


49, 971, 690 
36, 807, 510 

7, 550, 815 

1, 188, 750 
18, 512, 940 
32, 317, 595 
61, 848, 750 
18, 358, 920 
15, 121, 400 
12, 611, 095 

5, 249, 315 
30, 656, 790 


101, 595, 640 
57, 527, 760 
91, 193, 880 
24, 491, 160 
16, 564, 256 
38, 051, 642 
10, 511, 450 
16, 913, 092 

919, 389 
1, 745, 173 
298, 787 
10, 770, 127 


Difference 
(a—b) 


+5, 713, 000 
+2, 105, 110 
—327, 480 


—98, 300 
+1, 562, 940 
—795, 910 


+58, 

+1, 573, 160 
—3, 465, 970 
+6, 225, 500 
+3, 281, 520 
—8, 597, 800 
+1, 038, 310 

—701, 050 


, 


+6, 119, 920 
+4) 953, 200 
—2 682, 120 
+1) 623, 160 
+1) 057, 152 
—515, 147 
—687, 200 
—169, 432 
+74) 095 
—58, 838 
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TABLE No. 55.—Amount of turbidity (suspended matter) carried by the Ohio River 
of the amounts carried by the Miami River 


Calculations based on monthly mean turbidities and discharges, April, 1914, to December, 1916 


Per cent 


| 
—_—_ 
__ | 


it Lak 
NNO or 


oo 


PSrS 
ONOMOOH HO 


tf 
2 


44.2 
—10.5 





_Nore.—The mean turbidity (95 parts per million) at station 492 for the month of July, 1914, is unduly 
influenced by the reading of 400 parts per million on one day, July 14, when the high turbidity at that 


that date, when the turbidity ofthe Miami was very high, nosample was obtained from the Miami, hence 


the mean turbidity of the Miamifor the month is not properly comparable to that of station 492. 


In this 


that resulted from an unusual freshet on the Miami, not affecting the turbidity at station 488. On 


utation theresult of that single day’s observation at station 492 is omitted, reducing the mean turbidity 


for the month from 95 to 56 parts per million. 
increasing the probable errors by about two-thirds. 
3) 


Inclusion of this one observation would have the effect of 


Tasuie No. 56.—Distribution of deviations (d,) shown in Table No. 55 








Class 

















Standard deviation of differences; ab=13.91 per cent 
Probable error of differences; ¢a-p=-+9.38 per cent 
Probable error of monthly mean; éa=¢p=+6.63 per cent 








Frequency 
+ - Total 
4 6 10 
9 3 12 
1 4 5 
2 0 2 
0 1 1 
0 1 1 
0 0 0 
j 0 1 
1 0 1 
0 0 0 
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In the foregoing examples the errors which have been calculated 
are compound or net errors, including the separate errors of analysis, 
of sampling and of discharge estimates. The analytical error alone 
could be experimentally determined quite satisfactorily from 
sufficient series of duplicate analyses of identical samples; but no 
such series of duplicate analyses has been made in the course of 
this study. Data are available, however, for comparison of alka 
linity determinations as derived from: 

(1) The monthly means of separate analyses of the samples 
collected each day; and | 
(2) The final, and single analysis, each month, of a compoaiia 
sample made up by taking an equal portion of aeray separate sampl 
as delivered to the laboratory. 
The samples in these two series from any given sampling station 
are identical, and, assuming that no change takes place in the alka-_ 
linity as the result of storage of the composited sample, the two” 
sets of observations should give identical results but for errors in 
the analytical procedure. 

A comparison of these parallel determinations from six sampling 
stations on the Ohio and its tributaries, for such periods as are 
covered by the records, is shown in Table No. 57, which is similar 
in arrangement and purpose to those previously presented, except 
that results are expressed in parts per million, taking no account of 
the discharge factor which is the same in each pair of observations. — 
The distribution of the deviations between each pair of monthly 
means is shown in Table No. 58, together with the standard deviation 
and the probable error calculated therefrom. : 
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a - Tasie No. 58.—Distribution of deviations (dy) shown in Table No. 57 




































Frequency 
Class 

+ = Total 
CN Weenie GAOL S/N OO CKe IT BL ACIIO OF Silahy 8 3 1 
eh a Ene cence 16 13 29 
On? See e931) DOO CO ih), Gide ee 8 12 20 
ee Lan EEE EEE 8 7 15 
I eg : - i 
MPer Lae bogie fis ct cl LOR ORIEL i> 8 I 1 2 
ES Rl ne 2 0 2 
Semeremieer tele. 2328s. RAR So AA 1 0 1 
LA SOE A SES GES attach pinta Gea ied A Ga Lola Alea ee Aa 47 42 1 99 





i] Includes 10 observations with zero deviation. 
is : Standard deviation of differences; ¢,-b= 6.100 per cent. 
¥ Probable error of differences; €a—b=. 4.114 per cent. 
. Probable error of monthly means; ¢,=éep= 2.910 per cent. 
_ As in the preceding illustration, the errors are well balanced, there 
being 47 positive as against 42 negative deviations, indicating that 
there is no tendency toward a consistently higher result by either 
procedure. As is to be expected, because of the elimination of er- 
ors of sampling and discharge from this comparison, the probable 
srrors are considerably less than in previously cited examples. _ Con- 
idering that the daily determinations and the monthly composite 
analyses were frequently made by different chemists, the agreement 
3 quite close. | 
_ While none of the foregoing analyses, taken separately, may have 
any great weight as indicating the probable error of monthly mean 
hemical determinations in general, as made in this investigation, 
he whole series, taken together, have considerably more significance 
by reason of their consistency. They afford at least some reasonable 
and concrete idea of the degree of precision of the analytical data, 
emphasizing what would already be sufficiently obvious to a careful 
student of the data, that the observations are not sufficiently precise 
to be applied to the measurement of slight variations within a range 
wf, say, 10 to 20 per cent. At the same time they serve to give 
more confidence in the data as applied to the measurement and in- 
terpretation of consistent and rational variations well beyond this 
range. The assumption of a probable error of about +10 percent in 


monthly means is further justified by the general agreement as to 


direction and extent between observed and expected changes which 
take place between consecutive sampling stations. For instance, it 
is obvious that the total nitrogen content of the Ohio River must 
be increased in passage past Cincinnati, where it receives the sewage 
f some 500,000 people. The amount of nitrogen contained in the 
Jomestic sewage and industrial wastes can be estimated with a 


reasonable approximation to accuracy, and knowing the discharge of 
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the river, it is possible to calculate the expected increase in parts per 
million of nitrogen in the river water. When the river is at hig 
stage and the expected increase in its total nitrogen is less than 
about 10 per cent, observations above and below the city sometimes 
show an actual fecraaeee in passage past the city, an irrational result, 
obviously attributable to error in the observations. But when the 
river is at such low stage that the expected increase in concentration 
would amount to as much as 20 per cent or more of that in the 
stream above the city, such irrational results are very infrequent. 


INORGANIC CONSTITUENTS | | 
I. TurBipitry | 3 

The turbidity of water, as determined by standard photometri¢ 
methods, is a measure of the interference which the water offers to 
the passage of light, due to the presence of finely divided suspended 
matter. The determination is of importance in the examination of 
surface waters chiefly because it affords a rough index of the amount 
of suspended matter present, and because it is a much simpler pro- 
cedure than a gravimetric determination. Since the suspended 
matter which causes turbidity in surface waters such as those of the 
Ohio River system consists largely of soil particles thrown into the 
stream by surface erosion, the determination of its varying amounts, 
when correlated with other conditions, affords almost the only avail- 
able index of the extent to which chase conditions are affected by 
surface erosion as compared with pollution from other sources. Also, 
determinations of turbidity are of great practical importance in rela- 
tion to the methods, economy, and efficiency of water purification, 
being among the most frequent and essential determinations made 
in connection with the control of purification processes involving 
clarification. 

The arbitrarily established standard,® taken as representing a 

turbidity of 100 is: 
“a water which contains 100 parts per million of silica in such a state of fineness 
that a bright platinum wire 1 millimeter in diameter can just be seen when the 
center of the wire is 100 millimeters below the surface of the water and the eye 
of the observer is 1.2 meters above the wire, the observation being made in the 
middle of the day, in the open air, but not in sunlight, and in a vessel so large 
_ that the sides do not shut out, the light so as to influence the results.’’ 

The scale of turbidity above and below this point (100, is so 
chosen that readings upon the scale indicate the weight, in parts. per 
million, of ‘standard silica required to produce the corresponding 
dipreiog of turbidity. | 


— 


a a ave ene Dee MLPA! eo ae) SOM YS 
* Standard Methods for the Examination of Water and Sewage. Am. Pub. Health Assn., Boston, 
1920; 4th ed., p. 4 £ 
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» Coefficient of fineness —This direct relation between turbidity and 
weight of suspended matter applies, however, only to material of the 
same fineness, specific gravity, and optical properties as the silica used 
in making the standard suspension. Other things being equal, the 
turbidity decreases as the size of particles is increased, though not 
in direct proportion; and, as an index of this relation, the Standard 
Methods define a “coefficient of fineness” as the ratio of the weight 
of suspended matter in parts per million to turbidity expressed in the 
standard scale. Assuming that other conditions affecting the relation 
i of suspended matter to turbidity are constant, a “coefficient of fine- 
ness” greater than unity indicates that the particles in suspension are 
coarser than the standard, and vice versa. The coefficient of fineness 
is not to be understood, however, as indicating directly the relative 
size of particles as compared with the standard. , 
__ Although no very comprehensive studies of the subject appear to 
have been made, experience in this country indicates that the tur- 
bidity of surface waters, expressed according to this standard scale, 
‘is very nearly the same as the weight of the suspended matter when 
the latter is independently determined, the agreement being generally 
closer with relatively high turbidities (over 100) than with low 
_turbidities (less than 25). 
_ In a study of the Mississippi River water at New Orleans, based 
on samples collected daily from December 10, 1900, to August 10, 
1901, Weston ° found that the average value of the coefficient of fine- 
‘ness was 1.08. The turbidity during this study was relatively high, 
ranging from 95 to 1,300, and averaging 406. The coefficient of 
fineness was found, as would be expected, to decrease progressively 
‘in river water held in settling basins, due presumably to the more 
rapid sedimentation of the coarser particles. Thus, the coefficients of 
fineness after periods of subsidence are given as follows: ’ 


Character of water: Peet of 
Raw Mississippit River waterri 2 Lawicw 2 Lobo _ iediede wg 1. 08 
Same) aftér-6, hours’ jsubsidénees}_ se is4o Lib - aellesibes.._epedab ap . 90 
ee eierat 2 NOMS SUDSINENCE’ one ME ceed hate Dae tre . 87 
rnermter. lo TOUTS: BUDSICONGO:. ——o . .  se Lee lee . 86 
omer 22 hours SUuOsIGence. 3-5. ee ee ene ne on . 85 
Baémesaitéer 48 haurs’ subsidence? _ 2008 Daw hi (ri PS GY OD, 80 
mame, after 72ihours’, subsidencesyasiied - ecedIoi el nent als . 76 
Same, after 24 hours’ subsidence and coagulation. _____-_.--.+--.-- . 60 


Ellms * found the average value of the coefficient of fineness in 
waters of the Ohio River at Cincinnati to be 1.12, based upon daily 
samples during the year 1914. The monthly mean results of his 
observations are as shown in, Table No. 59.° 





6 Report on Water Purification Investigation and on Plans Proposed for Sewerage and Waterworks 
Systems. A. W. Hyatt Co., pub., New Orleans, 1903, pp. 23-45. 

TIbid., p. 28. 
8 Quoted by Flinn, Weston & Bogert. Waterworks Handbook, McGraw-Hill, New York, 1918, ist ed., 
p. 664. ° 
9 Rearranged from Table, loc. cit. 
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TasLy No. 59.—Twurbidity, weight of suspended matter, and coefficient of fineness % 


water of the Ohio River at Cincinnati 
|Monthly means] 





Weight 
of sus- 
pended | Coeffi- 





Tur- ; Tur- ré = 
Month + ae matter | cient of Month tee matter | cient of 
bidity | (parts | fineness bidity | ‘(parts | fineness 
per per 
million) million) 4 
1914 1914 
December--_-_------- 300 346 1.15 || September --_-__._-- 100 119 1 
February-_---.---- 235 228 197 1 January tl: his. 2 95 137 ib 
ATL Seas Ae, pee are 155 178 1. 1691) October: i... =. 70 90 1 
Marek? 23th lis fe 145 162 PPS Felhy 2) fb 2422 Vibe 17 39 2 
Aungust..-2.-4-<-4.- 145 103 Pe AMSA Nelo cr eke peed: oa aM 11 46 4 
ay zisel fh ve 140 146 1.04 || November_-___...-- 9 24 2 












According to these observations the ratio of suspended matter to 
turbidity ranged rather closely around 1.0 (average=1.09) during 
the nine months in which the turbidity averaged 70 or more, but 
departed widely from this ratio in the three months with mean 
turbidities under 20. Applying the usual interpretation, that the 
coefficient of fineness is an index of the size of the suspended particles, 
one is led to the paradoxical inference that the suspended matter 
was coarser during the months of low turbidity, when the river was 
at low stages and of very low velocity, than during the months of 
high turbidity when the stream velocity was generally much higher. 
The explanation of the seeming paradox probably lies in the different 
character and origin of the suspended matter. During the periods 
of high turbidity the suspended matter probably consists largely of | 
finely divided clay and silt from surface erosion and scouring of the 
river channel. This material, being more or less similar in average 
fineness and other physical properties to the silica used in making 
up the turbidity standard, gives a coefficient of fineness approxi- 
mating unity. Along with this material there is, however, at all 
times, a certain amount of organic matter, living plankton, and 
organic débris, radically different in physical properties from the 
inorganic soil particles. This organic matter, being of lower specific 
gravity than soil particles, presumably does not settle as readily 
as do the latter, so that in periods of low velocity the proportion of 
organic matter is increased, perhaps also its amount may be abso- 
lutely increased by the establishment of conditions more favorable 
for plankton life. Whatever the explanation, it appears from these 
observations that in the Ohio River at Cincinnati turbidity is a fair 
index of the weight of suspended matter in periods of high turbidity, 
but not in periods when the turbidity is exceptionally low. 

As determinations of the weights of suspended matter were not 
included in our schedule of examinations, no data were collected 
during 1914 and 1915 relative to the coefficient of fineness; but 


' 
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during February and March, 1916, Mr. C. C. Fishburne, a student 
at the University of Cincinnati, working in our laboratory, made 
determinations of turbidities and weights of suspended matter upon 
83 samples collected from the Ohio at stations 475, 488, and 492, 
below Cincinnati. His results may be summarized as follows: 


~ 





! 


Me F Max- Mini- 
an Median ae ator 








a pesos = 5 ea Gate oo ene ee 259 160 1, 833 60 
Ppsbended matter, parts;per million -/2:.. 2.2: £20. .-22L 21523 41- 293 204 2, 060 74 
permPion i Onemienese tae 2 25...) 2 0 Roe 1.13 113 1.77 1,80 














1 Exclusive of three observations giving extremely low coefficients of fineness, apparently due to errors 
in determination. 


4 


_ These observations are in accord with the general conclusions indi- 
cated by the more extensive studies by Ellms, previously quoted, 
namely, that in the waters of the Ohio River turbidity, within ranges 
above about 50 parts per million, is a satisfactory index of the weight 
of suspended matter, which presumably consists cheifly of inorganic 
particles from soil erosion. 

~ Comparative turbidity of the Ohio and other rwers.—The average tur- 
pidities of the Ohio River above Cincinnati and above Louisville 
for the three full years, 1914, 1915, and 1916, are shown in Table No. 
60, together with comparable data for several other streams in vari- 
ous parts of the United States. As shown by this comparison, the 
Ohio in the Cincinnati-Louisville zone is of rather high turbidity, 
much higher than the streams of the northeastern section of the 
country, but less turbid than the lower Mississippi, and far less 
than the Missouri, the Rio Grande, and other characteristically muddy 
streams farther west and south. The tributaries which enter the 
Ohio in this zone are all of somewhat higher turbidity than the 
Main stream. 


‘Taste No. 60.—Average turbidities of various rivers in the United States as com- 
pared with the Ohio 














" f i Mean | Y&ars of +4 

: River Sampling station turbidity gerrtes Authority 

Méorrinwe! +) 288.1 Ob Lawrence, Mass------- a7,5 | 1908-1914 | Clark. » 

MEA WAG. nln oat Ae 4. Torresdale, Pa--.-.---- 29 1913 | West. ¢ 
BAlleghenys 22.2) 228 Pittsburgh, Pa--_----- 57 6 years | Drake. > 
ot Ca a Columbus, Ohio- - ---- 69 1913-1914 | Hoover. > 
EE Sg i a , Se Great Falls, Md_----- 119 1906-1914 | Hardy. 

| SCTE ya a a Cincinnati, Ohio-..-_- 192 | 1908-1914 | Ellms. ? 

meno (stay 461). 21) oi iie 2 5}----- G0: 34 Spee 158 1914-1916 | Original data, PHS. 
_ Ohio (sta. 598). .-....------- Louisville, Ky- ------- 171 ‘| 1914-1916 Do. 
Smetesiasinpis Pfo2. .22L_. <1 New Orleans, La------ 600 1909-1913 | Earl. & 
eke, pees fer | an St. ouis,-Mo-.--.1- 1, 340 1906-1913 | Wall. 6 ; 
Baar C.F) a3) 20222. 5 Kansas City, Kans.---| 1,909 |----------- U.S. Geological Survey. 2 

iin Grande... 21°. 32 Laredo, 'Tex--~-=--4: 2 STR 64 )o 5 Ses Do. 4 





Sar Shlain PS Se Se nL ee - ———— -—— -~ -~ _—— _ ‘ 
--@ Apparently refers to weight of suspended matter and not turbidity. While the table from which the 
_ data otan con Flinn, corel and Bogert are taken is entitled ‘‘Quantity of Solids Carried in Suspen- 
sion, etc.,”” the annotations indicate that the other figures cited here refer to turbidities. , 
6 Quoted by Flinn, Weston, and Bogert—W aterworks Handbook, New York ,1918, McGraw-Hill Com- 
pany, ist ed., p. 49. 
_ ¢ Ibid. p. 665. 
d Ibid. p. 669. , ; F : 
10 These sampling stations, Nos. 461 and 598, are on sections corresponding respectively to the intakes 
of the Cincinnati and Louisville water supplies. 
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'ariations in turbidity, monthly means.—While the mean turbidit 
over a long period, of a year or more, affords a convenient basi 
for comparison, more importance, for most purposes, is attached t 
the variations as shown. by monthly averages, or even by dail 
observations. The monthly means of turbidity readings at the prin 
cipal sampling stations maintained on the Ohio River and its tribu- 
taries during the period January 1 to October 15, 1914, are sum 
marized in Table No. 61, following. At all sampling stations th 
turbidity varied widely within this period, tending generally to b 
high during the high-water months, January to May, and quite low 
during the months of low water, June to October. However, during 
the period of generally low water, high turbidities were observed in 
certain months upon all the tributaries except the Beaver and the 
Tennessee, and at all Ohio River sampling stations below the Wheel- 
ing district. These high turbidities represent the effect of summer 
rains, which characteristically cause excessive turbidity for short 
periods, usually of a few days or even less; and monthly means fail 
to show the true range of variation. 


TasLe No. 61.—Turbidities of samples from principal sampling stations on the 
Ohio River and its tributaries, January 1—October 15, 1914 





[Means for each month and for designated seasonal periods] 





Mean turbidity, silica scale 


Averages 
Sampling station 


Jan. | Feb. |;Mar.| Apr. |May | June| July | Aug. | Sept. "3 Tans Apr. | June 


15 to and | to 























aoe 2 SESS L SBS ee A) od thee be Ow beetle) eee os Yee 
Ohio: 
6 and 111.0... 86| 78| 61| 601, 62| 52|. 4], 4| 101. 8| 75] 61]. ‘36 | 
BOLLE Vea). eee oe 82 21 6 4 33 B Pe Aa este 14. 
cs Ne i de | RSPR ELIT nk AOR | 96 30 11 13 25 S lasaaedns 17 
16 ons cisabielide whl sina Ok 0 Semele eee a 73 49 7 26 23 Ott ties 3 
yy a acer f 60 | 121] 115] 158] 152 30} 100 90 80 21 99 | 155 64 
ae eae 69 | 174] 130} 163 |. 157 34 79 | 118 89 24 | 124} 160 69 
4 Pipinanciod aie it Be. 95 | 208| 155] 187] 138 12 22| 145 | 153 24| 153| 162 71 
ry | Seen? en Bey 106 | 245| 174] 1711 160] 127 25 | 199 94 28 | 175 | 166 95 
RAE. Ba thot 97 | 250 176 160 174 102 23 173 84 25 174 | 167 81 
ed, Wee ae Cee ee Oe eee 129 | 172 63 26| 125 86 aT Ma 150 65 
SOT Gtpentio:k 11... 1c. eileen 148 | 186 47 95 | 130 92 25 |_ 387: 167 78 
BAS ooo eine ek k| ceet eae er eee 116 412. 2 LOBOS 
i Oe ale hee 76 | 435 | 252] 167 |. 145 60 7 24) 118 6 | 254} 156 43 
O19: 3s Leek: FR 298 |2400-] 285} 220) 179 71 14 28 | 119 10 | 261 200 48 
004... ee oo 211 62 15 18 | 150 5) ee ees “RE 67 
920 52). LB Beh Li oe 198 46 87 Ad )Y 186 Vi 429-4.20 ok 96 
933... 5.0: ~ onde pete oh hee 195 37 72 04.7160) JO8 | wd 85 
Allegheny River 3___| 62 71 71 50 il 20 16 15 18 16 68 30 17 
Monongahela River 4 85 62 55 53 12 12 8 4 5 11 67 32 8 
Beaver Rivets... Wn do ninsely->uialeck eae 93 85 26 il 17 17 1 ie ea 8 89 17 
Scioto River.........| | 41 | 217] 208] 128| 158 91 64 | 174 97 49 | 1551 143 95 
Little Miami River-| 171 | 218 | 225 | 161| 193 78 | 272) 333 49 17 | 205| 177 149 
Licking River_-__.__. 189 | 381 | 215] 188} 206] 391 63 | 458 | 340] 178 | 262| 197 286 
Miami Rivera... 3 .-b- tps ae-bec-lene se 78, 109 | .74; 233°) 865.57 72 | 64 2... 94 | 200 
Kentucky River. nc bcteu locke loc ae ic hic cane oak fe 132 14.).°..._ abeueti ae 
Cumberland River. jr oc. oo]. 235 Ce NR ee Re A BR 193 
Tentiosseé Rivet. ics pocitees Ste ee 85 82 90 60 98 oy | eee ee 82 








Notr.—The turbidities given in this table are means of determinations made upon bacteriological 
samples collected three to six days weekly, and do not correspond precisely to the data given in Table 50. 
1 Samples from station 5, during January, February, and August; from station 11 other months. 
2 Samples from station 611, January and February. 
y Samples from station A-1, January-March; thereafter from station A-7. 
Samples from station M-1, January-March ; thereafter from station M-12. 


~~ tern 
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~ In general, the turbidity of the Ohio tends to increase as the water 
passes downstream, due to the fact that the tributaries which it 
receives below Pittsburgh are characteristically more turbid than its 
headwaters. During each month of the period, the Ohio reached its 
maximum turbidity at or below Cincinnati, usually at or below 
Louisville. 

Observations throughout the years 1914, 1915, and 1916, at stations 
on the main stream from Cincinnati to Louisville, and on tributaries 
entering this stretch, are summarized in Table No. 62. As was the 
ease during the briefer period covered in the preceding table, the 
tributaries show, on an average, higher turbidities than the main 
stream, with the result that the turbidity at station 598, above 
Louisville, averages, for each year, higher than at station 461, above 
Cincinnati. However, considering individual months, the turbidity 
between stations 461 and 598 shows a decrease somewhat more 
frequently than an increase, notwithstanding that almost without 
exception the intervening tributaries tend toward an increase of 
turbidity. This decrease, where it exceeds the probable error of the 
observations, is, therefore, obviously the effect of sedimentation. 
This effect is more or less counterbalanced over any long period by 
the scouring up of sediment from the river bottom during periods of 
higher stream velocity. Actually, the effect of scour does not quite 
balance that of sedimentation when results are expressed in degrees 
of turbidity, as shown by the fact that for yearly or longer periods 
the average turbidity at station 598 is slightly lower than at station 
492 (located below the Little Miami, Licking, and Miami Rivers) 
although the Kentucky River which intervenes is of higher turbidity 
than the Ohio at station 492. However, it is evident that an exact 
balance is not to be expected, even though all the suspended matter 
deposited upon the river bottom be subsequently scoured up, for 
sedimentation occurs at periods of low velocities with relatively low 
discharge, and scour occurs at higher velocities with greater discharge. 
Therefore, the same mass of material when scoured up is suspended 
in a larger volume of water, and does not cause a proportionate 
increase in degrees of turbidity. An exact balance is to be expected 
only when the amount of suspended matter is calculated on the 
basis of turbidity and volume, and upon sucha basis of calculation 
the mean annual weight of suspended matter carried at station 598 
corresponds within 4 per cent to the amount carried by the Ohio 
at station 492 plus that carried by the Kentucky. 
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TasBLe No. 62.—Turbidities of samples from principal sampling stations on the 
Ohio River and tributaries, Cincinnati to Louisville ¥ 
= 
[Monthly means, 1914, 1915, and 1916] iW 
Ohio, | Little | Lick- | Ohio, | Ohio, | Ohio, Miami Ohio, | Ohio, | Ken- |Ohio, — 
Month 461 | Miami| ing 475 482 488 492 543 tucky | 598 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
At See Ee a Le 2 a ae ™ 
1914 
Jantiary 32627322 itt 95 171 189 106 OM tL KF EELYE PCa. Oe as 76 
Wéebrgerye.: 33: See 208 218 381 245 ZOO pt a ee ee Be ed og he oe lo wt 435 
eroehe sist. es... 155 225 215 174 RTO MAA Se To yee ta eee tes Ela kh 252 a 
ADI: lageke ae os 187 161 188 171 160 129 78 BAG ban aol ate 167 
Nis¥. 292 Ga - Bk 138 193 206 160 174 172 109 186} l 2. CLLR P EEE 145 
Jie). Seo ae ee eS 12 78 391 127 102 63 74 £7 Ths er hee OS 60 
SPP AE. . SEs 22 272 63 25 23 26 233 OF sic. _ OL ieese 7a 
AUSUSES oe ee 145 333 458 199 173 125 865 ie. 180: fees boss sees As 
September______---- 153 44 340 94 84 86 72 92 116 132 118 
October= + .232c5.-- 109 89 201 163 100 121 63 172 98 163 73 
November______-.-- 14 14 42 17 16 13 23 12 16 37 11 3 
December ____-_---- 283 108 275 337 369 323 37 301 288 337 214 
1915 
January _ fhe 2b 213 345 299 244 258 268 196 
February_.__.-_---- 151 106 124 143 152 138 124 
Maret. ff" 22a 80 31 148 90 87 93 39 
Ff 9) 9 WRT aL A sag 2 24 47 161 26 27 26 41 
Mayliee oe itih..t 45 724 1, 760 324 276 310 129 
PUSS Mini hn a st 281 311 1, 450 413 427 430 446 
eabye 10) 3-CFD 6 369 657 982 642 605 632 992 
AUSUBt See 172 576 660 273 280 261 444 
September__________ 160 193 206 174 177 163 145 
Ontoher: 3.22 167 136 124 169 174 164 118 
November_________- 89 71 135 96 92 93 44 
December -________- 182 70 255 211 210 198 153 
1916 
damigry 2490) 298 235 328 477 277 288 284 432 
PODTUSLY ¢... 5 Fo 207 114 300 234 238 240 167 
Wrapenis2t) Ti. 3 329 495 448 397 391 429 337 
Abit se ue tarot 107 64 72 105 107 107 206 
SRSA Fat. 123 114 121 146 137 139 205 
Jtapioe SS Sets 306 242 485 339 357 326 323 
Stay Cute ihe 183 163 95 222 220 227 97 
AUSUSE pe es on 506 295 895 503 453 363 438 
September__________ 38 195 481 65 47 43 71 
October... oo... oe 51 32 243 78 79 73 12 
November_________- 19 24 99 18 16 16 ll 
December _________- 118 193 428 153 158 174 49 
Average: 
1914_____- 127 159 246 152 144 VOSS AS J Ci teat eB 
OTR yee 161 272 §25 234 230 231 | 239 
1916_.___. 185 188 345 211 208 202 196 





Variations in turbidity by days.— Monthly mean turbidities, though 
significant and convenient for many purposes, give little idea of the 
variations in turbidity encountered from day to day, as in the opera- 
tion of filtration plants. The distribution of turbidities of individual 
samples from stations 461 and 598, and from the Little Miami and 
Licking Rivers, ts shown in Table No. 63, the grouping being similar 
to that commonly used, following the recommendations of the New 
England Waterworks Association. 
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: No. 63.—Distribution of turbidities of individual samples from the Ohio 
_ River at Cincinnati, and at Louisville, and from the Little Miami and Licking 
_ Rivers, 1914, 1915, 1916 

; 

; Number of observations Per cent of observations 


’ 


3 
_ Turbidity range 


p Ohio, sta-|Ohio, sta-| Little Ohio, sta-|Ohio, sta-| Little 












































1 tion 461 | tion 598 | Miami Licking tion 461 | tion 598 | Miami Licking 
aaa 7 
Ree 120 207 118 53 18.0} + 27.0 28, 6 7.5 
mereee) (1089. 2973." 1) 7 6 88 125 11.3 9.1 21.3 17.7 
Sa 115 115 55 146 17.2 15.0 13.3 20. 7 
SS Se 212 210 70 164 31.6 27. 4 16.9 23.3 
SS re 113 115 40 93 16.9 15. 0 9.7 13.2 
601-1,000... 29 40 30 64 4.3 5.2 7.3 9.1 
1,001-2,500..- 4 10 8 44 6 1.3 1.9 6.2 
2,501-5,000.... 1 0 4 12 1 ‘0 1.0 1.7 
5,001-10,000.- 0 0 0 4 ‘0 .0 .0 56 
er. Total... 670 766 | 413 705| 100. |. 100 100 100 
i 
| ° ope s , 
5 At all four stations turbidities below the. mean are much more 


requent than those above, and turbidities within the lowest range 
re considerably more frequent than is indicated by the monthly 
eans. Although the mean turbidity at station 598 is higher than 
it station 461, turbidities of the lowest range (under 25) are much 
nore frequent at the former station, the higher average turbidity 
eing due to the more frequent but still relatively rare occurrence of 
excessively high turbidities, over 500 parts per million. Similarly, in 
the Little Miami River, which is of higher mean turbidity than 
either of the Ohio River sections, the most frequent range of tur- 
bidity is under 25 parts per million. The Little Miami and Licking, 
as would be expected because of their smaller watersheds, show 
wider ranges of variation in turbidity than do the Ohio River sections. 
Variations in turbidity in relation to velocity. The phenomena of 
sedimentation and scour, as evidenced by decrease and increase, 
respectively, of turbidity in a stretch of river which receives no 
significant inflow, are of some interest in relation to the decrease 
in numbers of bacteria which characteristically takes place in 
such stretches. Presumably physical removal by sedimentation 
is a factor in this bacterial decrease, but the removal of bacteria 
‘due to this cause can not be separated directly from decrease due 
to death of those remaining in suspension. Also, it is not to be 
expected that with respect to bacteria the numbers lost by sedi- 
mentation will be balanced by the numbers added as the result of 
channel scouring, since bacteria deposited upon the bottom are not 
fixed quantity. Quite certainly, while on the bottom, they are 
undergoing some change, which theoretically may be in the direction 
ither of an increase or decrease of numbers. The same considera- 
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tions apply also, more or less, to the relatively unstable organic matter 
represented by determinations of organic nitrogen and oxygen 
consumed. But the inorganic matter which chiefly contributes to 
turbidity is quite stable, so that any change in its amount within a 
river-stretch receiving no additional inflow may quite safely be 
taken as the result of scour or sedimentation. By studying these 
changes in relation to their governing factors some idea may be 
gained of the probable effect of the same factors upon the content 
of bacteria and of unstable organic matter. ; 

No attempt will be made here at a detailed analysis of the forces — 
governing the transportation and deposition of suspended matter in 
streams. A simple analysis suffices, however, to demonstrate that 
the changes in turbidity observed in stretches of the river which 
are relatively free from the disturbing influence of local inflow are 
intimately related to velocity of flow, which is recognized as one of 
the most important controlling factors. 

The stretches of river suitable for such simple analysis are those 
lying between sampling stations where frequent observations were 
made over a considerable period of time, and which are free from 
any considerable disturbing influence due to inflow between the : 
sampling stations. Stretches more or less fully answering these 
requirements are those lying between: 

(1) Sampling stations 475 and 482; no local inflow of médblivh Ble 
amount in proportion to the flow of the main stream; observations © 
at both stations throughout the years 1914, 1915, and 1916. | 

(2).Sampling stations 492 and 543; no intervening tributaries of 
importance; local inflow estimated as about 1.4 per cent of the : 
discharge at station 492; observations at both stations from Sep-- 
tember, 1914, to Deveonbisk: 1916, inclusive. | 

(3) Sannin stations 543 and 598; no intervening tributaries of 
importance, except the Kentucky River for which the observations 
at station 543 may be corrected; local inflow estimated at about 1.1 
per cent of discharge below the Kentucky; observations at both 
stations from September, 1914, to December, 1916, inclusive. 

(4) Sampling stations 492 and 598, with correction for discharge — 
and turbidity of Kentucky River; without correction for additional 
inflow from minor tributaries, which amounts to about 2.6 per cent 
of the discharge at station 492. 

The direction and extent of the change i in turbidity between thie 
upper and lower end of a river stretch is indicated by what may be 
called a “suspension ratio””—that is, the ratio of turbidity at the lower 
end to turbidity at the upper end. Disregarding the effect of local 
inflow (except in the case of the Kentucky River, for which correc-— 
tions are made) the decrease or increase of turbidity indicated by the 
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‘suspension ratio may be considered as due to sedimentation or scour, 
respectively." Monthly mean turbidities are used in computing the 
ratios. 

The suspension ratios thus calculated for each of the designated 

stretches for each month during which observations were made are 
shown in Table No. 64, where they are arranged in order of magni- 
tude, not in chronological order. Corresponding monthly mean 
velocities are shown in parallel columns. 
_ Inspection of this table shows, first, the extent of changes in 
turbidity between stations where, if there were no tendency either 
to sedimentation or scour, the turbidity should remain approximately 
constant. In the short stretch 475-482, the changes range from an 
increase of 10 per cent to a decrease of 39 per cent at the lower 
‘station as compared with the upper.” In the two longer and nearly 
equal stretches, 492-543 and 543-598, the variation is wider, as 
expected, increases exceeding 25 per cent and decreases exceeding 40 
per cent being not infrequent. In the longest stretch, 492-598, the 
range of variation is still wider, an increase of 25 per cent or more 
being noted in nearly one-fourth of the observations, while slightly 
more than one-fourth show a decrease of 50 per cent or more. In all 
the stretches except 475-482, -a decrease in turbidity occurs more 
frequently than an increase, and in all stretches, without exception, 
the range of decrease is greater than of increase. 





11 The error due to disregarding inflow from minor tributaries is not a compensating error. Heavy 
rainfall, local to the drainage area of the minor tributaries, may greatly increase their discharge in propor- 
tion to that of the main stream, at the same time increasing their turbidity. Ifthis happens when the 
main stream is at low stage, with low turbidity, the inflow from a small drainage area may disproportion- 
ately increase the turbidity of the main stream. This combination of circumstances is not unusual during 
the summer period oflow water. Localinflow would disproportionately decrease turbidity in the main 
stream only when conditions of high discharge and low turbidity in the minor tributaries coincided with 
low discharge and high turbidity in the main stream, a combination of conditions which is actually most 
unlikely to occur. 
12 Considered individually, variations in monthly mean turbidity within a range of +10 per cent, with 
occasional wider variations are hardly significant in view of the probable error of the observations. 
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TaBLe No. 64.—Monthly mean suspension ratios and velocities of flow in desi 
nated. stretches of the Ohio River, 1914, 1915, and 1916. 











Stations 475-482 Stations 492-543 Stations 543-598 1 Stations 492-598 
Mean Mean — Mean Mean 
pusper: velocity Suspen- Relocity Suspen- ylodiy 4 aie Zelecity, 
: feet per F eet per : feet per ‘ eet per 
ratio pone ratio second ratio second | Zatio second 
1.10 2. 69 1. 46 2. 26 1. 65 4.17 1.79 4. 51 
1. 09 3. 35 1, 32 4. 58 1. 64 4,17 1.49 Lizz 
1. 06 3. 83 1. 27 2. 98 1, 44 3. 34 1. 48 3. 49 
1. 06 4, 29 1, 26 1. 06 1. 35 4, 45 1, 29 4. 38 
1, 05 3.15 1.16 4,99 1.35 4. 30 1. 28 1. 06 
1. 04 1. 73 1.13 1.10 1, 28 4. 00 1.28 . 84 
1. 04 5. 26 1.09 2.13 1. 28 2. 49 1, 28 4. 24 
1. 03 2. 50 1.16 4. 94 
1. 03 2.10 1. 06 3. 35 1. 06 2. 78 
97 2. 78 1. 00 . 70 1,43 4. 58 
1. 03 2. 34 97 4, 45 1. 00 . 83 1.12 . 83 
1. 03 2.19 . 96 2. 94 1. 00 . 74 1.11 3. 03 
1. 02 1. 88 . 90 3. 69 96 4, 89 1.10 4, 23 
1. 02 4. 04 . 88 2. 63 . 94 1, 63 1. 05 2. 52 
1, 02 3. 96 . 83 . 82 93 1. 78 1. 00 4. 06 
1. 02 3. 76 . 92 . 42 
1. 01 3. 64 . 78 2. 38 . 90 ioe . 83 yA i 
1,01 1. 00 78 4, 32 . 89 2. 22 
1. 00 3. 50 ih 4.11 . 84 I. 30 . 80 yA ify 
72 2.32 . 75 1. 53 . 78 3. 26 
1. 00 1. 83 -, 67 4, 30 . 74 2: 6 ayy i 2. 48 
. 98 3. 92 . 64 2.16 73 it . 64 2. 26 
97 2.74 . 64 2. 02 71 1.29 . 62 1. 66 
. 96 1,8 —_——— . 61 1.95 
. 94 4, 29 . 63 2. 45 68 2. 01 . 60 1. 59 
. 94 . 54 60 1.12 67 . 63 me sy 1. 83 
. 94 2. 56 57 . 95 66 1, 94 
. 94 2.97 357 1.97 65 - 50 ~ 50 sh . 89 
. 92 2. 98 55 2. 80 60 1,67 . 50 1. 88 
en: 49 2. 08 56 1, 38 . 48 . 99 
92 .79 . 46 1. 25 47 1. 48 . 43 3258 
90 1, 78 = 42 ya 
89 ale 42 1, 63 
$9 Wy oy 42 iD 
87 . 65 .18 . 76 
~ 85 2. 06 . 07 . 89 
. 80 . 93 —_—_—_—_— 
72 . 80 
61 . 63 . 
eh l ed MER De LA is EO he sh SPOS TEE TSS 
QUARTILE AVERAGES 
1. 06 3. 21 1.24 2.73 | 1.43 3. 85 1.39 3.15 
1, 02 2. 92 . 94 2. 95 . 98 1.91 1. 03 2.75 
. 95 2. 00 71 Sees .79 T2353 . 66 2-22 
. 83 1. 02 55 1. 80 . 61 1. 36 eae 1. 46 











1 Observed turbidities at station 543, above the Kentucky River, corrected according to discharge and 
hanes of the Kentucky River, to represent a calculated turbidity below the mouth of the Kentucky 
Inspection of the table, especially of the quartile averages, shows 
further, with respect to all the stretches except that from 492-543, a 
very definite positive correlation between suspension ratios and mean 
velocities. The coefficients of correlation computed from the data 


given in the table are: 


Moa oe 5 of 
hs correlation 
Ri ha suspension 
ratio with 
velocity 


475-482 +. 55+. 078 
492-543 +. 24+. 120 
543-598 +. 72+. 061 
492-598 +. 57+. 079 
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These coefficients, in relation to their probable errors, are sufficiently 
high to be unmistakably significant except in the case of the stretch 
492-543, where the correlation is hardly significant unless taken in 
connection with that shown in other stretches. It is not apparent 
why the correlation should be so much lower in the stretch 492-543 
than in the stretch 543-598, which is of about the same length, unless 
it be, perhaps, that observations at station 492 are subject to some 
very considerable sampling error. As it is obvious that the relation 
between suspension ratio and velocity is not one of direct propor- 
tionate variation, that is, not a straight-line relation, it is not ex- 
pressed best by the coefficient of correlation, which serves, however, 
to demonstrate that changes in turbidity between consecutive 
sampling stations with little tributary inflow are related in an inti- 
mate and orderly way to variations in stream velocity. 

_ As to the significance of these studies in relation to bacteria and 
organic suspended matter, it can not be assumed, without further 
evidence, that the changes in bacterial numbers due to sedimentation 
‘and scour are directly proportionate to the change in turbidity. It 
may be inferred, however, that changes in turbidity indicate the 
direction of coincident change in bacterial content due to the same 
physical forces, and that they indicate roughly the probable extent 
‘of bacterial decrease attributable to simple sedimentation in these 
‘and comparable stretches. Without a knowledge of the fate of 
bacteria deposited upon the river bottom, these studies warrant no 
inference as to the effect of channel scouring upon bacterial content 
of the water. 

Turbidity as related to rainfall and run-off.—The factors other than 
sedimentation and scouring of the river bottom which determine 
variations in turbidity are quite complex, having to do with the 
extent of soil erosion. The determinable factors of most obvious in- 
fluence upon turbidity are run-off (i. e. discharge, of which river 
stage is a function) and rainfall. The relation of these factors to 
turbidity is shown in Table No. 65 for station 461 on the Ohio and 

for the Little Miami and Licking Rivers, for the years 1914 and 1915, 
monthly mean turbidities being related to total monthly rainfall and 
‘run-off on the watershed above each station. Inspection of this table 
shows that on all four streams the turbidity increases with rainfall 
in a very regular manner. Turbidity and run-off do not appear, on 
inspection, to be correlated, except in the case of the Little Miami 
River, where there is a rather striking negative correlation, turbidity 
decreasing as run-off increases. 
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TasLe No. 65.—Relation between turbidity, rainfall, and run-off in the Ohio River 
and tributaries in Cincinnati district, by months, 1914 and 1915 





Ohio River, station 461 Little Miami Licking River Miami River : 












































| 
Rain- | Run- , Rain- | Run- f Run- . | Rain- | Run- — 
Turbidity | fall | off | aiaity |. fall | off | nidity |. off | pdiy | ofall | off 
(inches) | (inches) Y | (inches)! (inches) (inches) |(inches) (inches) a 
369| 5.60] 0.93| 724] 5.83] 0.42] 1,760] 623 992| 6.46| 2.01 
983 | 4.721 1.14] 6571 4.90| 1.06] 1450] 4.66 565 | 4.98 24 
981| 4.14] .98| 576) 3.83). 1.42] (982) 579 446 | 3.95 78 
213) 4.38] 242] 345] 3.58] 1.79] 660] 5.68 444] 5.77| LOL 
208! 3.44] 220] 333] 5.68|. .13| 458] 6.18 233 | 266) . 18 
is7| 4.931 3.34] 311] 4.06] 87] 391] 2.47 196 | 3.25 72 
Av.257| 4.42] 1.83] 491] 4.65]  .95| 9501 5.17 479 | 4.51 82 
is2| 4.50| 1.76| 272| 4.90 13| 381) 4.34 154| 4.05| 1.22 
172 |. 4,73| . .71 225| 2,.32|. 3.76] . 340} 1.60 145| 4.54| 119 
167! 3.00| 193] 218| 3.78) 228] 209] 3.84 129] 4.65 "52 
160 | 3.82| 168} 193] 1.65]. 1.26]. 275| 4.21 1244| 1.44] 3.30 
155! 3.00| 2.08 193| 5.27] 173)  255| 6.10 118| 2.99 ‘86 
153 | 1.53|. .24) -:171 |.. 2.33 97 hee, /S45 $), BOB ibe PBR tephe ievel th Le Ween 
Ay.165| 3.43] .1.07| 212] 3.38] 1.69| 294] 3.79 134| 3.39] . 1.42 
151! 260] 3.14 161| 3.09| 3.421 206| 234 109 | 2.05 82 
145 | 4.98 20 |. 136! 2.70 91} 206| 3.43 78 | 3.56] 2.65 } 
138| 2.66| 1.69] 108| 3.48 71|  201| 4.21 74| 2.88 ‘33 
109 | 3.27 13| 106] 1.44] 7.39| 189] 2.33 72| 1.33 16 
95 | 280! 1.34 89 | 3.70 43 188 | 2.81 63 | 3.17 123 
s9 | 2.94 75 78 | 2.23 134561 599 [EO [pq : gg HA SICTUE OG TY wate: 
Av.121| 3.21} 1.22 13] 277] 216] 192] 271 89 79| 2.60 82 
80 | 1.721 1.13 71| 2.63 60| 148| 211] 1.16 44| 2.39 63 
45-1 4.30 7 70} 4.25| 4.93|° 135] 3.30] 1.22 41} 1.81 35 
24 | 1.61 56 47} 1.37 i9/ 124) 276] 79 39 | 1.44 56 
22 | 3.21 26 44 |) .97 10} 124| Last} 292 37 | 3.20 ‘40 
14 | 3.05 28 31 |} 1.50 43 63] 3.11 03 23} 1.32 14 
12 | 1.60 16 14| 1.33 10 42 | 1.35 rd Pyare Ce a) a | 
Av.33 | 2.58 52 46| 201| 1.06| 106| 236{ 1.03 37 | 2.03 42 





NotEe.—Turbidities are monthly means, 1914 and 1915, arrayed in order of decreasing magnitude. 
Rainfall and run-off are computed totals for the watershed for months corresponding in each instance 
to turbidities designated. 


The coefficients of correlation of turbidity with rainfall and run-off, 
respectively, as computed from the data shown in this table, are: 


Coefficients of correlation 








; Turbidity with | Turbidity 
Rivers Run-off with rainfall 
Ohio, ‘station. 268 . 57°23 C5 a SE eae eee ee +0. 36640.119 | +0. 6480. 080 — 
AS i en, SAL a Sy Kelas — , 0894 .137 | + .676+ .075 © 
Ny rg oC. Se ERS cotenE thon. Sd titi ae ae ee arco ae Seen + .0204 .138] + .619-E .085 
16s: ie Pa ee SE ER IS MENT Ye pe eee + .225+ .140] + .761+ .062 








From the above it is evident that in all four streams there is a 
significant positive correlation between. rainfall and turbidity, while 
the correlation with run-off gives coefficients which vary in sign, 
and are certainly insignificant in two, probably in all four cases. 


a 
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c 2. HARDNESS AND ALKALINITY 


ld 


The hardness and alkalinity of river waters, although they are 
characteristics of real importance from the economic point of view, 
are of relatively little significance from the standpoint of this study, 
because they are due to comparatively inert mineral salts which, 
in moderate amounts, have no demonstrated direct effect upon health; 
also because they are, for the most part, fixed characteristics of the 
water, subject to more or less modification by artificial treatment, 
but not preventable. To the above statement an exception must be 
made with respect to the conditions of excessive hardness and 
reduced alkalinity or even acidity prevailing in the upper Ohio, 
Allegheny, and Monongahela Rivers, since these conditions, being 
due to acid wastes from the mining and iron industries, are at least 
partially preventable, and since they exert a marked influence upon 
the biology of the rivers. This, however, is a special case, to be 
considered separately. 

The monthly means of hardness and alkalinity at all stations on 
the Ohio River where these determinations were made from January 
to October, 1914, are shown in Table No. 66. According to the 
usual interpretation, the difference between total hardness and 
alkalinity, both being expressed in terms of equivalents of CaCoO,, 
represents the so-called “incrustant”’ or ‘“‘noncarbonate”’ hardness, 
which is of special importance as causing a deposit of “hard scale” 
in boilers. 


TaBLE No. 66.—Monthly means of hardness and alkalinity in samples from the 
Ohio River and tributaries, January 1 to October 15, 1914 





January February March April May 


Hard- | Alka- | Hard- | Alka- | Hard- | Alka- | Hard- } Alka- | Hard- | Alka- 
ness | linity | ness | linity | ness | linity | ness | linity | ness | linity 


Ohio: 
a ae ee 47 5 36 . 66 8 47 4 49 9 
ee BED Se ce cp inal apken a sonpnaiied beeing it (ick tis Sn agate! (ek Sapna ane 55 16 
ES 1 il SET St RS FS | SE | PER rea ee 49 18 
LS SS Cat Gord GRU EER BADE! Sine ieliianicene innate: mip inane San 60 21 
eee 61 22 47 18 60 21 50 16 57 25 
- | ae USES 63 22 54 18 64 24 49 19 68 33 
Stara 63 29 57 29 74 31 52 28 62 32 
Mags? 2 1) 3) Ada! 66 31 60 28 66 31 57 23 55 37 
. Ese 80 43 99 65 74 49 78 41 60 42 

Pannen eaeee ee eee ge YAS BADE ROTI Oot dacealten-c--|eesce~--|---sa0-- 94 65 
ET Le ae es ae es eee eT eee ee eee pare ee aes ae 

Allegheny River --_-_ 47 13 1 g ae 61 il 39 11 44 18 

Monongahela--____- 84 —18 60 —2 69 3 47 5 129 14 

i AAhh SED UN AUMARLOAS y FLUC LI SPE Dae fee SAPS ED OT lene 65 li 75 31 
oa ee ae 201 153 158 112 103 88 179 132 166 151 
ped Miami_______- 237 179 170 on = mS = ge " : os 
9 4 

Been stor er Toit aber ofpe a) ti of or] 196} 48) 207 

SDS Sy SS ROLY LR) ES Pe PY SVs Sere oe ree fay eee ee 

*Tennessee. 1-277] TUTTI roo 2-22-22] = ------|-p--- =o] oenenne fener nee |oncee ce 60 50 

7 
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TaBLE No. 66.—Monthly means of hardness and alkalinity in samples from the 
Ohio River and tributaries, January 1 to October 15, 1914—Continued 





June July August September October 1-15 


mf a | | a 


Hard- | Alka- | Hard- | Alka- | Hard- | Alka- | Hard- | Alka- | Hard- | Alka- 
ness | linity | ness | linity | ness | linity | ness | linity | ness | linity 


Sampling stations 

















Ohio 

es 8 tebe Wachee 91 8 

te Sere RS ot 81 14 

ca eae ths Si Pte oem 100 12 

14 i208 che ehes 94 14 

SISe Sees eee 97 44 

hi een ts APR! 111 64 

BGT See ne ee 103 59 

732 FA ape ape a ae 114 65 

CUS Lanse Cee cate 109 73 

OT ge RR SS 140 104 

oo Ne Aas ans ahah pai ial ll bev iminn A Sit) ee a 
Allegheny River---- 44 18 
Monongahela. --_--_- 146 —20 
BeSVOE oe ocak ok ae 114 42 
SCIORO. oe ae oe ee 166 215 
Little Miami. _.. 8 3|2:. senc|_a.<ae .| meee ae 
TREK ING fee. te 91 81 
Miami > 22s ee ie cena antennae 
Cumberland --.._..-- 83 87 
Tennessee..__...-..- 92 89 


Both alkalinity and hardness expressed in terms of equivalent weights of CaCOs. Hardness deter- 
mined by soap method, January to July, inclusive. Thereafter by soda reagent method, which has 
been found to give results generally about 10 to 20 per cent higher. 


1 Means for whole month of October. 


Total hardness.—During the months of comparatively high dis- 
charge, from January to May, the total hardness of the Ohio tended 
rather constantly to increase in passage downstream, varying between 
36 and 66 parts per million at stations 5 and 11, immediately below 
Pittsburgh, and increasing to a range between 60 and 100 parts per 
million at station 598, above Louisville. | 

During the period of low water, from June to October, the hardness 
of the Ohio was increased at all stations, the increase being propor- 
tionately greatest in the upper river, so that the increase in passage 
downstream was less consistent and less marked than in months of 
higher run-off. 

The Beaver, Scioto, Little Miami, and Miami Rivers all show con- 
siderably higher hardness than the Ohio at their respective junctions; 
the hardness of the Licking River being sometimes greater and some- 
times less than that of the Ohio at station 461; and the hardness of the 
Cumberland and Tennessee Rivers consistently less than that of the 
Ohio above their mouths. 

Alkalinity.— Alkalinity shows similar variations, namely an increase 
throughout the river in low-water as compared with high-water 
periods, and an increase in passage downstream which is more con- 
sistent and of wider range than the similar increase in hardness. 
During 7 of the 10 months of observation the waters of the Mo- 
nongahela showed no alkalinity, reacting acid to methyl orange; 
and during the other 3 months (March, April, and May) the alkalinity 
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was very low. ‘The waters of the Allegheny, though not showing the 
presence of free acid, were consistently of low alkalinity, from 10 to 20 
parts per million, and in consequence the waters of the upper Ohio 
(above Wheeling), made up almost wholly of the discharge of these 
‘two rivers, were likewise of extremely low alkalinity—at iimes 
actually acid for periods of a few days, though this isnot shown in 
‘the monthly means. These conditions are undoubtedly artificial, 
resulting from the excessive discharge of acid wastes from coal mines 
and pickling liquors from iron mills. The natural alkalinity of the 
Beaver is also probably reduced to a measurable extent by acid wastes, 
chiefly from iron and steel mills. All the tributaries observed, from 
the Beaver to the Miami, inclusive, show higher alkalinities than the 
main stream, while the Tennessee and Cumberland show less. 

Noncarbonate hardness.—The noncarbonate or incrustant hardness, 
which is quite high in the Allegheny, Monongahela, and Beaver Rivers, 
and in the Ohio from Pittsburgh to Wheeling, is rapidly reduced 
by the inflow of tributaries, reaching a minimum below the Ten- 
nessee. The varying character of the run-off from different portions 
of the Ohio watershed with respect to alkalinity and incrustant 
hardness is shown in Table No. 67, which shows, for the drainage 
areas between successive points on the river, the estimated contri- 
bution of alkalinity and incrustant (moncarbonate) hardness in 
kilograms per square mile per day during the high-water period 
March to May and the low-water period June to October, 1914. 
Taste No. 67.—Average amounts of alkalinity and incrustant hardness, in kilo- 


grams per square mile of intermediate drainage area, contributed to Ohio River in 
various successive stretches during high and low water periods of 1914 





Kilograms per square mile daily in 
erms of Ca CO3 


Inter- ei 
ere dtaie March-May, 1914 | June-October 1914 





Stations drainage (high water) (low water) 
area 
‘ Incrus- F Incrus- 
My hardness hardness 
Sq. miles 

Above No. 11----- = 2 Ee Oe eee eee See se eS ees 19, 310 52 366 9 77 
SS Se ea a ae See eee 1 We So ee Pee tees 2 30 
eaneey SO. pee rgtet. sot at S077 8 oh - be SSSR pee 37, 340 1195 171 27 19 
RIE A EO a en es = ey 14, 000 350 50 88 19 
BOO as betes Pm sett See ce Fee. t-te ee estt tk 14, 870 397 108 64 19 
oy OSE St ln peeing eee ae err VAN 3 el a a! Eee ee 91 i 
Geiue 59 4 

dna aewee. Metered. ett fr) - se Seppe petty ep BR OO) ya, se4 bb eth --L ee ets 


1 Stations 11 to 349. 


General characterization.—In general, the waters of the Ohio River 
and its major tributaries may be classed as of moderate hardness, 
such that they do not ordinarily require artificial softening to render 
them fit for domestic use and use in boilers. The incrustant hardness 
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and corrosive constituents in the upper river, and more particularly 
in the Monongahela are, however, sufficient to cause serious trouble, 
and moreover these conditions are becoming more aggravated asthe 
acid-waste pollution upon the watershed of the upper river increases. 

Comparison with other streams.—The average hardness (by the soap 
method) and the alkalinity of the Ohio River above the cities of 
Cincinnati and Louisville, together with comparable data for other 
streams in various sections of the United States, are grouped in 
Table No. 68. 


TaBLe No. 68.—Hardness and alkalinity of waters of various rivers in United 


é 
States } as conpat ed with the Ohio — 
; Parts. per million 
of— 
River Place Cr a > "aed . oe 
ur Hardness,| Alka- 
\ by soap | linity 

; 


Rennebee: 2.202538) sis aE ey ee ed Augusta, Me.________- 19. 1 15.3 


Merrimac 2 an ei ae ee Lawrence, Mass.____-- uh og 0 he 
Gonnectiontl 250) AD) Bee ee ee Middletown, Conn.._- 32s RRC 
Fipdson 2 oo sad a oe ee a ce Albany; Ne ksss 2o522 yaa eee 
Delaware. fii. 325245. 14 LAL De Re ee ae Philadelphia__________ 47.6 27.2 
Allegheny... i6.6-<254iWdecues eeac ee 22ers Pittsburgh. s.-t.-- 2 48 19 
Olaio! 253 be) Leis itt eee ee Re es Bee eee Cincinnati-_.......___- 269 3 45 
DO wt: psec oe Ae ee eee i onisville.< ~~ ee. 2 83 363 
wines eee Vids lgicse Be EE Be Bee Minneapolis-_-—_._.___- 164 150 


4 Rearranged from Flinn, Weston & Bogert, Waterworks Handbook, New York, McGraw-Hill, 1918. 
Ist. ed., p. 668, except data for Ohio River. 

2 Average of 6 determinations Jan.—June, 1914. 

3 Average of years 1914 and 1915. 

In the Cincinnati-Louisville zone the water of the Ohio River 
shows a greater hardness and higher alkalinity than the waters of the 
North and Middle Atlantic States. It is comparable to the water 
of the Mississippi River at its mouth, but carries considerably less | 
hardness and is lower in alkalinity than the waters of the northern | 
section of the Mississippi drainage area. The Little Miami and 
Licking Rivers, which enter the Ohio in this zone, are higher in 
hardness and alkalinity than the main stream. 


INFLUENCE OF ACID WASTES IN THE MONONGAHELA, ALLEGHENY, 
AND UPPER OHIO. 


The differences in alkalinity and hardness of waters from various 
portions of the watershed: of the Ohio are, for the most part, attrib- : 
utable to natural differences in the geology of the drainage areas, 
but in the drainage area of the upper Ohio, and more especially 
that of the Monongahela, the natural alkalinity of the run-off has 
been profoundly modified by acid wastes incident to the develop- 
ment of coal mining and of steel industries. 

Sources and effects—Acid wastes result from coal mining when 
sulphides of iron, exposed in the mining operations, become oxidized 
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to sulphates, and on subsequent leaching are carried away in the 
drainage as acid solutions of ferrous salts. In the steel industry, 
large quantities of sulphuric acid and, more rarely, of hydrochloric 
acid, are used for “pickling’’; and the spent pickling liquors contain- 
ing ferrous sulphate or chloride, with from one to three per cent of 
free acid, are usually discharged as waste, although in some plants 
ferrous sulphate is recovered as a by-product. 

The free acid and iron salts contained in these wastes, whether 

derived from mine drainage or from pickling liquors, combine with 
the alkaline carbonates naturally present in the receiving waters, 
forming sulphates of calcium and magnesium, and, when present in 
sufficient quantity, leaving a residuum of unneutralized acid. The 
combination of alkaline carbonates and acid salts results in the for- 
mation of flocculent precipitates of iron compounds, with a resultant 
clarification of muddy waters which is very noticeable. 
_ Chief among the harmful effects of such acid pollution are increase 
in permanent hardness of the river waters, and, where the acidity 
is not fully neutralized, the corrosion of iron and steel in boilers, in 
the hulls of vessels, and in submerged structures in dams. In the 
Monongahela and upper Ohio this corrosive effect is a matter of 
serious economic importance.” The most striking biological effects 
of the acid pollution as observed in the Pittsburgh district in the 
course of this study are a reduction or elimination of certain forms 
of plankton, and an enormous reduction in sewage bacteria, to 
numbers far below what would be expected in waters subject to such 
heavy sewage pollution. This reduction in bacterial pollution, 
which is more fully discussed in Section VI of this report, is probably 
due in part to physical removal by coagulation and sedimentation, 
but also in part, and perhaps more largely, to direct inhibitory and 
bactericidal action. Whatever its mechanism, the effect is so great 
as to be a major factor in reducing the bacterial pollution of the 
upper river and to raise the question whether it may not offset the 
economic damage due to increased hardness and corrosiveness of 
the waters. 

Character and results of analyses.—In view of the very great 
economic and sanitary importance which must be attached to the 
present and future acid pollution of the Ohio River in, the vicinity 
of Pittsburgh, it is unfortunate that the observations made in the 
‘course of this study were not more extensive and elaborate. How- 
ever, it was impossible to add to the already heavy schedule of 


laboratory work by undertaking elaborate or extensive studies of 
Beerety Work by tic iene elgdess oll 1o <iisilelie hoaubs 
18 Roberts, T. P., ‘‘ Acids in the Monongahela River,” Proc. of the Eng. Soc. of Western Pa., vol. 27, 


No. 8, pp. 384-391. 
Bi Dies of the Pollution and Natural Purification of the Ohio River, I, the Plankton and Related 


Organisms, Pub. Health Bull. No. 131, U. S. Pub. Health Service, 1923, pp. 24-33, 
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this special problem, and the observations which were made relative — 
to the acid pollution in this region, were necessarily limited to such — 


as could be made with simple equipment and technique, and as could — 


be combined with the schedule of other necessary studies. 


With respect to hardness, no special observations were made, and 


the data are limited to those previously shown in the basic tables of — 


this section and summarized above in Table No. 66. These, however, 


are sufficient to indicate that. the permanent hardness.in, this zone — 


was far in excess of that observed in any other part of the river 
system. 


With respect to alkalinity the only dctaraihabinns made up to May — 


20, 1914, were those which were made at all other sampling stations, 
as pra ecnn shown in Table No. 66, viz, titrations in the presence of 
methyl orange as the indicator, using N/50 sulphuric acid in the case 
of alkaline and N/50 sodium carbonate in the case of acid samples. 
As methyl orange reacts acid to mineral acids but not to their acid 
salts, these titrations afford a measure of acidity only as due to free 


mineral acid. These tests were moreover made guite infrequently - 


prior to May 20, using the samples collected for sanitary chemical 
analysis. (See Table No. 50.) From May 20 to October 15, 1914, 
daily titrations were made with methyl orange and with phenol- 
phthalein, cold and at boiling temperature, using portions of the 
samples collected for bacteriological examinations. In samples acid 
to methyl orange these three titrations as rN interpreted % 
would have the following significance: 

1. Titrations with phenolphthalein, ,cold= rn is acidity due to 
free mineral acids, acid salts, and CO,. 

2. Titration, with phenolphthalein, hot= acidity due to free mineral 
acids and acid salts. 

3. Titration with methyl orange = acidity due to free mineral acids. 

4. Acidity due to free CO, = (1) — (2). 

5. Acidity due to acid salts= (2) — (8). 


It should be noted, however, that the measurement of free CO, as 


the difference between (1) and (2) is not reliable without corrections 


which can, not be made from the data at hand; and that the measure ~ 


of ‘‘acid salts”’ as the difference between, (2) and (3) is not exact. 
In the case of samples reacting alkaline to methyl orange the titra- 


tions with phenolphthalein, hot and cold, add little if anything to — 


the significance of the methyl orange titration, except to indicate the 
consistent absence of normal carbonates, which, except in the case 
of the Beaver River, might readily have been inferred from the 
reduced alkalinity of the samples. 





6 Standard Methods for the Examination of Water and  Bownge, American Pub. Health Assoc., ed. of 
1920, pp. 40-41. 
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~ Table No. 69 summarizes, as monthly averages, the results of the 
ests of samples collected daily from May 20 to October 15,1914, 
om the Allegheny and Monongahela Rivers, from sampling sta- 
ns Nos. 11, 65, and 88,* on the Ohio River; and from the Beaver 
River, which joins the Ohio between sections 11 and 65. As regards 
the samples reacting alkaline to methyl orange, the only data in this 
table which are of clear significance are the results of titrations in 
e‘presence of methy] orange; but as regards the acid samples from 
he Monongahela, the data may be converted into terms of free 
eral acid and acid salts, as in Table No. 70, which follows: 


TABLE No. 69.—Summary of alkalinity determinations in Monongahela, Alle- 








i ; gheny, Ohio, and Beaver Rivers 

- [Monthly means, May-October, 1914] 

ia [Results in parts per million, in terms of CaC Os]! 

uM rts 

‘9 ge Monongahela Allegheny Ohio station 11 
in te Phenol- . Phenol- Phenol- 

: ( _ Month of Methyl phthalein Methyl phthalein Methyl phthalein 

. orange |——_——__—_—_—__| orange |———_—__—______| orange, |———_______ 

| F nf. Hot | Cold Hot | Cold Hot | Cold 

BeLOLI IGS) ise Bike S483 5102 o Gees Bod MASI SE VASES SE Beh ides S51) BE eet be eee 

; ; 

Mity cLeo'tile..c.to. —9} 49} —50 14} -0.7| -2 7) =3 a4 
a RS oe ae oa —21 —93 —107 19; +08 8 9 —5 —12 
DMT 20i. Nis —10 —54 —59 17} +0.2 —10 7 —6 —15 
A Se Ee wee —14 —63 —74 19 —1.0 —12 7 —10 —23 

ptember___---------- —15 —67 —86 29} +3.7 -9 21 +1 —12 

ee ee —15 —92 —104 25 —2.4 —15 29 +1 —18 

Beaver Ohio station 65 Ohio station 88 

Month of—_ Phenol- Phenol-. Phenol- 
Methyl phthalein Methyl phthalein Methyl phthalein 

: orange. |__| orange -|——__— Fs | “orange |) Po 
i: Hot | Cold Hot | Cold Hot | Cold 

Oh a SS eee 28 1.4 --0. 2 18 —2.0 —4.0 18 —2.0 —4.0 

ES A oe 41 6.0| —6.0 16) —0.2| —5.0 16) —0.7 —6.0 

UL ay ee a eer 41 8.0 —9.0 9 —1.0 —6.0 9 —2.0 —9. 0 

mameust: 2. ALLL 5 4. 31 5.0 | —13.0 9 —1.0 —9.0 6 —3.0 —8. 0 

September___-.-.--.--- 39 7.0 |-—12.0 18 +4. 0 —8.0 16 +3. 0 —9.0 

October! Pls) 20) | 28 1:0} —18.0 24 | +6. —7.0 18} +60} 11.0 





1A negative sign (—) indicates acidity expressed in terms of CaC Os. 


TABLE No. 70.—Concentration of free mineral acids and acid salis in the Monon- 
| gahela River 


[Monthly means, May-October, 1914] 





do ry Parts per million in terms of equivalent CaC Os 












mronoM 4 Me May June July | August Pee October 


| | | 
em | ne | 


M pe LL csc, — 55.75 4- ee epan=-bpannndns-— 9 21 10 4 15 15 





44 52 77 





ed 


“18 The results of parallel tests at station No. 104, below Wheeling, are omitted as they do not differ sig- 


nificantly from those at station No. 88. 
, 


€ 


4 
As indicated in the above tables, the waters of the Monongahela — 


were consistently acid to methyl orange each month during the 
period when daily tests were made. The waters of the Allegheny 
always reacted alkaline to methyl orange, indicating the presence of 
alkaline bicarbonates, but in amounts considerably below those 
found in the Beaver River and other tributaries. The Ohio River at 
station No. 11, below the confluence of the Allegheny and Mononga- 
hela rivers, also appears to have been alkaline to methyl orange at 
all times if only the monthly averages presented in Table No. 69 are 
considered. At rare intervals, samples collected from station 11 
reacted acid to methyl orange, but the acid conditions observed here 
never persisted more than one.or two days at a time. 

Reactions taking place in the streams.—As to the result to a ex- 
pected when the alkaline waters of the Allegheny are mingled, in the 
Ohio, with the acid waters of the Monongahela, the data do not 
permit precise calculations, due to uncertainty concerning the © 
reactivity of the ferrous salts. Reversible reactions of the type: 

FeSO,+ Ca (HCO,),—CaSO,+Fe (HCO,), (1) 
are not applicable without a considerable knowledge of the extent 
to which they actually proceed. Moreover, even if such reactions © 
are assumed to proceed to completion, the alkalinity of a stream as 
ordinarily determined by titration would not necessarily be altered 
by the addition of ferrous salts, since compounds of the type Fe 
(HCO,), may be assumed to react alkaline when titrated with sul- 
furic acid. The removal of such alkalinity by ferrous salts evidently — 
depends on the removal of the iron itself from the solution. For 
purposes of illustration, the removal of iron salts from solution may 
be represented as follows: 

Fe(HCO,), — Fe(OH),+ CO, (2) 

Fe(HCO,), = FeCO,+H,CO, (3) - 
The extent to which compounds of the type Fe (HCO,), are 
decomposed into insoluble compounds such as Fe(OH), and FeCO, 
will evidently depend upon the carbon dioxide content of the water.’7 
It is apparent that no decrease in volumetric alkalinity due to the 
further decomposition of Fe(HCO,), could be expected unless the 
insoluble compounds which resulted were actually removed from 
solution. | 

Observed versus calculated alkalinity in Ohio.—With due regard to the 
above indicated sources of uncertainty, it may, nevertheless be of 
some interest to compare observations on the Ohio at station No. 11 _ 
with computations based upon the observed acidity in the Monon- 
gahela, and the alkalinity of the Allegheny. For the purposes of 
this comparison the acid salts will be considered inert and only the 
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or 


‘7 More exactly upon the bicarbonate-ion content of the water, which in turn varies inversely as the 
hydrogen-ion concentration, 
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ree mineral acid content of the Monongahela and the bicarbonate 
linity of the Allegheny will be taken into account. Values thus 
computed are shown in Table No. 71 in which the amount of acid 
carried by the Monongahela is computed for each month in tons per 
day by applying the mean discharge of the river to the mean acidity 
in parts per million as determined by methyl-orange titrations. For 
convenience, these values are expressed in terms of equivalent 
JaCO,;, so that the calculated amount of bicarbonate in the Ohio 
will be the difference between the bicarbonate carried in the Allegheny 
ind the acid carried in the Monongahela. ‘These values are then 
mpared, in Table No. 72 with the alkalinities actually observed in 
the Ohio at station No. 11. 

























TaBie No. 71.—A mounts of free acid carried by the Monongahela and of alkalinity 
carried by the Allegheny and by the Ohio at station No. 11 


S [Monthly means, May-October, 1914] 








Monongahela Allegheny Ohio station No. 11 
Acidity as Alkalinity as Alkalinity as 
Noth I: Dw Ca Coz Dis- Ca Coz Dik: Ca Co3 
, charge, SE CRS SO: pe SS FT 
second- zs s d- 
feet Parts | Tons feet Parts | Tons ite Parts | Tons 
per per per per per per 
million| day! million| day! million} day! 
9, 400 9 228 32, 800 14 | 1, 238 42, 200 7 797 
2, 850 21 161 6, 530 19 335 9, 380 9 228 
1, 920 10 52 3, 460 17 159 5, 380 7 102 
2, 070 14 78 1, 660 19 85 3, 730 7 70 
1, 120 15 45 2, 250 29 176 3, 370 21 191 
830 15 34 840 25 57 1, 670 29 131 
Mean June- 
Cievoner-—s-=. i 2, 948 20, 3 3 162 4, 706 11.4 3144 





-1 Tons per day=(discharge in second-feet) X (p. p.m.) X .0026968. ; 
2 Analyses made only during latter part of month, May 20-31. Discharges given are means for the 


entire month. 


Tasty No. 72.—Comparison of alkalinities observed at station No. 11 with values 
calculated from observations on the Monongahela and the Allegheny 





[Monthly means, May-October, 1914] 


Pst Alkalinity as Ca Cos at station No. 11 








A Part r million 
Month Tons per day arts pe 
B ( (D) 
(A) Ob- Ai (C) Ob-| Calcu- 


served | jateq2 | Served | lated 3 


ee rere ee ee A 797 | 1,010 7 8.9 
Meter) 7 iii 11: sn lus, wii 228 174 9 8.8 
Meee a0 hl, 102 107 7 7.3 
See twilie 1011 1is11. 14G, -2)1e0).-i. 112i! 70 7 7 0.7 
gn pe: a aerate mits San IS ae ek a eee 191 21 14.4 
6.9 






' Tons —(discharge in second-feet) X(p. p. m.) X.0026968. Ap AS 
_? Tons Ser le STealinity as Ca Coz in the Allegheny minus tons per day of acid (in terms of Ca Cos) 


nthe M in Table No. 71. ‘ 4 
Eitan date o¥ noha (B).. Parts per million=(tons per day)~+ (discharge in second-feet x PO: 
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For the months of May, June, and July the computations thus 
made are in substantial agreement with actual analyses at station — 
No. 11, but during August, September, and October the alkalinity 
of the Ohio was very much in excess of the estimates. In view of the 
recognized inadequacy of the analytical data, and the doubtful ; 
precision of discharge estimates for the Monongahela and Alleoheny™ 
at low stages, the discrepancies are not surprising. 

Relative importance of mine drainage and pickling wastes.—It is a 
matter of some importance, with reference to the anticipated 
increase of acid pollution in the future, and the practicability of meas- 
ures for controlling it, to arrive at some estimate of the proportionate’ 
amounts of acid contained, respectively, in pickling liquors and in 
the drainage from coal mines; but from the data at hand nothing 
more than a rough and quite ioubiad estimate can be made. 

As regards pickling liquors, discharged as waste from plants engaged 
in the steel industry, a very careful survey was made during 1914 and 
1915 of all the major plants discharging such wastes, and data col- 
lected as to the amounts of acid used annually by each. The total 
for plants located on the watershed above station No. 11 (including 
the Pittsburgh metropolitan district) amounted to approximately © 
230 tons per day of acid in terms of equivalent CaCO,. For the 
pickling process, as commonly applied, a 10 per cent solution of 
the acid is prepared and used until its content of free acid has been 
reduced to about 2.7 per cent, when it is discharged as waste. Thus, 
allowing nothing for recovery processes, which are in use at some 
plants, about 27 per cent of the acid used would eventually be dis- 
charged into the river; ,that is, about 62 tons per diem.* As'may 
be seen from Table 71, this is less than the average amount of free 
acid actually demonstrable in the Monongahela River alone during 
the summer of 1914, and less than half the amount present in June. 
The free acid, however, is only a fraction of the total to be accounted ~ 
for, since it represents the excess over and above the amount required 
to neutralize the normal alkalinity of the water. 

The normal alkalinity of the Ohio River at Pittsburgh is unknown, © ; 
but it may be estimated as being in the neighborhood of 50 parts per 
million. This is inferred from observations on other parts of the 
watershed, especially on the Beaver River. This stream receives — 
little if any acid mine drainage, but in 1914 received acid pickling 
liquors estimated at a total of 70 tons per diem in terms of CaCO,, — 
As the mean discharge during this period was 1,760 second-feet, 
the estimated reduction in alkalinity would be: 70 + (1760 x .0026968) 
=15 parts per million. This (15 parts per million) added to the 
mean alkalinity actually observed in the Beaver (35 parts per million), 
gives 50 parts per million as the estimated original alkalinity of this 
stream. 











18 The discharge from individual plants is intermittent, and the amount of acid used varies considerably _ 
from year to year and from month to month. 
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» Assuming that in the absence of any acid wastes the normal 
alkalinity of the Ohio at station No. 11 would be the same as that of 
the Beaver, that is about 50 parts per million, the difference between 
this figure and the observed alkalinity may be taken as representing 
the reduction due to acid wastes. For the period June 1 to October 
15, 1914, the mean alkalinity observed at station No. 11 was 11 parts 
per million (Table 71), indicating a reduction of 50—11=39 parts 
per million, which, with the observed mean discharge of 4,706 second- 
feet, represents approximately 495 tons per day of acid, in terms of 
equivalent CaCO,. In comparison with this amount the 62 tons 
per day previously accounted for in waste pickling liquors represents 
about 12:5 per cent of the total, leaving the remainder of 87.5 per 
cent to be attributed to mine drainage. 

It is obvious that these figures are merely estimates, and of ques- 
tionable validity, since they are based upon assumptions as to the 
normal alkalinity of the river and as to the reactivity of acid salts, 
which, in this computation, are disregarded. If it be assumed, how- 
ever, that the ferrous salts contained in pickling liquors are entirely 
removed from solution by reaction with alkaline salts in the river, 
then the total effect credited to these wastes would be a reduction 
of alkalinity amounting to 230 tons per diem or about 46 per cent of 
the total (495 tons) to be accounted for. The true value presumably 
lies somewhere between these two extremes, that is somewhere be- 
tween 12.5 and 46 per cent, but probably nearer to the former than 
to the latter figure. In any case, it seems safe to conclude that the 
acid originating in mine drainage is very considerably in excess of 
that discharged in spent pickling liquors. ‘This is in agreement with 
the opinion held commonly by engineers and others who, in the 
absence of quantitative data, have based their opinions upon a general 
knowledge of the sources of pollution. It is also confirmed by the 
observation that the total amount of free acid carried by the Monon- 
gahela is greatest at high river stages, when the drainage from mines 
is increased in amount. 
_ Estimate of future conditions.—As to the future, it is to be antici- 
pated that in the natural course of events the acid wastes discharged 
into the river will tend to increase rather than to decrease. This 
tendency would seem to be inevitable in the case of drainage from 
oal mines, since any new mines developed will add to the total, 
hile the abandonment of those now being worked will not eliminate 
them as sources of acid pollution, for it is established that the acid 
drainage from abandoned mines continues. indefinitely. It may 
likewise be anticipated that the steel industries using pickling proc- 
esses will continue to expand; but this does not necessarily imply an 
increase in resultant wastes, since it is possible that recovery processes 
may come into more general use, perhaps even reducing the present 


pollution from this class of sources. 
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With reference to the figures already cited for the months from June 
to October, 1914, the total acid discharged into the river above statio 
No. 11 during that period has been estimated at about 495 tons (in 
terms of CaCO,) per diem, and the average residual alkalinity at 
station No. 11 at 144 tons per diem. To the extent that these figures 
may be accepted, they indicate that 144 tons per diem of acid added 
to the present total of 495 tons; that is, an increase of a little less than 
30 per cent, would render the Ohio acid at station No. 11 at low-river 
stages. This estimate is not to be taken too literally; but with all 
due allowances for uncertainties of computation, it is evident that the 
margin of residual alkalinity in the Ohio above Wheeling is already 
quite narrow. In fact, as already stated, samples taken at station 
No. 11 during the course of this study were occasionally found to be: 
acid, and since then the occasional occurrence of acidity has been | 
reported from points as far downstream as Marietta, Ohio, 170 miles 
below Pittsburgh. 


SUMMARY 


| 
The problem of acid-waste pollution is so complex and is ine 
fluenced by so many varying factors that the data at hand do not 
permit. any precise analysis of existing or forecast of future condi- 
tions. However, the following conclusions appear to be justified: 

1. The Monongahela at.its mouth 1 is consistently acid during the 
months of low discharge. 

2. The alkalinity of the Allegheny, though reduced far below its 
normal value was usually sufficient, in 1914, to prevent the incursion 
of free acid into the Ohio, but with a quite narrow margin in reserve 
against the effect of further increase in acid wastes. ; 

3. Mine drainage i is responsible for a major share in the acid pollu- 
tion of the streams in question, and pollution from this source may be 
reasonably expected to increase. 

4. Acid pickling liquors play a minor, but not precisely determined | 
part in the existing acid pollution. The contribution from this source 
may either increase or decrease, depending upon the extent to which 
recovery processes are used. | : 

All acidity values recorded in this report refer to volumetric acidity 
as ordinarily determined by titration. Acid conditions are, therefore, 
defined in terms of the methyl orange end-point (about pH 4). This’ 
definition is probably too severe since at pH 5, or thereabouts, a 
water could still be called unduly acid. In view of the fact that 
simplified procedures are now available for the estimation of th 
true acidity of river water, the inclusion of this test in future studies’ 
appears highly desirable. 
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| ryt ORGANIC CONSTITUENTS 


The pollution which is of most serious importance from the sani- 
tary viewpoint, as having the most bearing upon danger to health 
and offensiveness to sight and smell, is pollution with unstable or- 
ganic matter from various sources, the most important being the — 
wastes from human habitations, the excreta of lower animals, 
organic wastes from certain industrial processes, and organic matter 
chiefly of vegetable origin from the soil. Since the organic wastes 
from these different sources vary widely with respect to danger 
and offensiveness, it-would be desirable to differentiate between. them; 
ut unfortunately this can be done only to a limited extent and 
more or less indirectly by present-day procedures of chemical 
analysis. 

_ The measures, or rather indices of organic matter commonly em- 
ployed in chemical analyses of water and sewage are: 

- (1) Determinations of nitrogen, differentiated, according to the 
form or combination in which present. 

(2) Determinations of the amount of oxidizable material in terms 
of the amount of oxygen required for its oxidation when treated 
with permanganate of potash under standardized but altogether 
artificial conditions. : 

(3) The determination, by biochemical tests, of the» so-called 
“biochemical oxygen demand”; that is, of the amount of oxygen 
required for oxidation of the organic matter under conditions which 
purport to approximate those obtaining in nature. 

As these are all standard procedures, and as the determinations 
of nitrogen and “permanganate oxygen consumed’? have been in 
‘use for many years, it is unnecessary to enter Into a detailed discus- 
‘sion of their significance and limitations, which are assumed to be 
Beperally understood. 

In planning the laboratory studies of the Ohio River, considerable 
‘doubt was felt that these conventional, determinations .of. nitrogen 
‘and of oxygen consumed would yield results of sufficient significance 
“to justify the labor and expense of making them. They were, how- 
eyer, included chiefly for the following reasons: 

(1) It has been customary in the past to give a prominent. place 
to these determinations in the study of polluted streams, and it was 
‘thought that observations in these terms might serve to connect 
‘this with previous studies better than observations in. terms of 
bacteria or biological oxygen demand. 

— (2) Studies by many observers over a long period of years have 
accumulated data from which a reasonable estimate may be made 
“of the amount of nitrogen or oxygen consumed in the sewage of a 
given sewered population, and less satisfactory estimates of the 
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amounts contained in wastes from certain industries. It was thought, | 


therefore, that a knowledge of these constituents in the river might 


afford a basis for estimating the relative polluting influence of these _ 
wastes as compared with the run-off from unsewered areas. 

(3) It was considered possible, though hardly probable, that the 
processes of natural purification in the river might be traced through ~ 


the observed changes in these constituents, especially the trans-— 
formations of nitrogen, in long stretches of river below large cities. — 


I. NITROGEN 


The results of the nitrogen determinations made in this study are — 
given in full in Table No. 50, as monthly means, showing, for each — 
month, the nitrogen as free ammonia, albuminoid ammonia, nitrates, © 
and nitrites, as observed at all stations. From October 1, 1914, de-— 
terminations of nitrogen as free and albuminoid ammonia were dis- — 


continued and the determination of ‘organic nitrogen,” including free 


ammonia, by the Kjeldahl process was substituted, as being more in 
accordance with present practice and probably more significant. 
From such studies as have been made of the data in these tables, 


rr 


; 


it appears profitable to consider the results, not in the detailed form — 
there given, but converted into terms of “organic and ammonia 


29.0% 


nitrogen,” “nitrogen oxides,” and “total nitrogen.” 


General siqnificante.—‘ Organic and ammonia nitrogen”’ is the 
g 


nitrogen determined by the Kjeldahl process without separation of 
the nitrogen as free ammonia. ‘This is considered to be an index of 


"=" 


the nitrogenous organic matter present in unstable and generally — 
complex combination, plus that present as ammonia in an interme-— 


diate stage of conversion to simpler and more stable forms. As the 
Kjeldahl determination was not used in our analyses until October 1, 
1914, the figures given for previous months are assumed equivalents, 
calculated by adding the nitrogen as free ammonia to three times the 
nitrogen as albuminoid anmmonia."” 

The use of this, or any other constant for conversion of albuminoid 
ammonia actartimations into terms of organic nitrogen is, of course, 
subject to valid criticism, as the relation is more or less variable. 
The results thus converted appear, however, to be quite as consistant 
as they are in terms of the original determinations; and seem to be 
more, rather than less significant. 


The nitrogen as oxides or ‘‘mineral nitrogen,” is taken as the sum > 
of the nitrogen determined as nitrites and nitrates. In the analyses © 
here given, with few exceptions, the nitrogen as nitrite is insignificant } 





9 According to the Standard Methods for the Examination of Water and Seicaa (4th ed., 1920, p. 20), © 
the organic nitrogen, exclusive of free ammonia, in surface waters containing but little pollution, is about — 


twice the nitrogen as albuminoid ammonia. In the waters of the Ohio River, however, the organic nitrogen 


appears to be more nearly three times the nitrogen as alpuminoid ammonia, so far as any judgment can be — 
formed from the limited data available. 


ee ee a ee 


: 
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in amount compared with that as nitrate, so that nitrogen as oxides 
is practically equivalent to nitrogen, in. combination as nitrate... As 
found in surface waters it represents either the nitrogen originally 
added as nitrate or that received as organic matter in more complex 
and unstable form, which has undergone full oxidation in the water- 
course. | | : 
_ Total nitrogen”’ is calculated as the organic, and ammonia nitro- 
gen, plus’ nitrogen as nitrate and nitrite. It. is considered .as an 
index of the total,amount of nitrogenous matter present, regardless 
of the form, whether unstable and unoxidized, fully oxidized, or in an 
intermediate stage... According to present conceptions, the. total ni- 
trogen determinable by analysis is not affected by changes in its state 
of combination: Therefore, while the organic nitrogen may be de- 
creased and the nitrate nitrogen increased, by biochemical reactions 
taking place in a stream, these reactions would make no change in the 
amount of total nitrogen present. In passage downstream the con- 
centration of total nitrogen, that is, the amount per unit of volume, 
may be increased or decreased by additional inflow of water containing 
a higher or lower concentration of nitrogen; but in either case the 
absolute amount (concentration x volume), necessarily increases. 
The total amount of nitrogen found in astream at any given point is, 
therefore, a measure of all the nitrogen received from all sources up- 
Stream, less such amounts as may have been lost by sedimentation 
taken up by living organisms which are not included in the samples 
analyzed or liberated in gaseous form or combinations. In the 
presence of an abundant oxygen supply, the amount lost as a gas 
is probably not large, and in a river like the Ohio, any loss by sedi- 
mentation is presumably temporary, being compensated by ultimate 
solution or scouring up of the deposited material. The nitrogen taken 
up by living organisms in the stream or on its banks is also ultimately 
returned in large part if not entirely. Therefore, the total amount 
of nitrogen passing a given cross section of the stream over any con- 
siderable period of time should approximately equal the total amount 
eceived by the stream above this point during the same period. In 
this particular, total nitrogen differs from all other chemical and bio- 
ogical indices of organic matter in river water. 
“Summary of analyses—The mean results of determinations of 
nitrogen in terms of total nitrogen and proportion. of nitrogen oxides 
at all sampling stations on the Ohio River and its major tributaries 
are summarized by-months for the period January Ist to October 
15th, in Table No. 73. The means for longer periods, namely, (1) 
anuary—March, (2) April-May, (3) June—October, and (4) January— 
tober, 1914, are shown in Table No. 74, which also gives, the 
eparate values of organic and ammonia nitrogen, and nitrogen oxides. 
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Considering first the averages for the whole period,?” January to 
October, 1914, which may be taken as fairly representative of af 
seasonal cycle, certain of the results are compared i in Table No. 75_ 
with analyses of the waters of various rivers in the United States, 
and with typical sewage and effluents from sewage treatment plants. 
This table, in the fea place, illustrates what is already well under- 
stood, that rivers which are relatively free from gross sewage pollu- 
tion vary widely in their nitrogen content, probably because of 
differences in the character of their drainage areas. For example, 
in this table, Macoupin Creek, Ill., and the Licking River stand in 
striking contrast to the Kennebec and Potomac Rivers. The com- 
parisons also show that with respect to nitrogen content, the Ohio. 
is intermediate between the extremes observed in the rivers of this 
country, standing-in about the same class as the Lower Mississippi.” 








TaBLE No. 73.—Summary of nitrogen determinations at sampling stations on Ohio 
River and tributaries 


[Monthly means, January—October, 1914] 








January March April May 
Total Total Total Total 
Sampling stations voit Oxides ese Oxides ane Oxides os Oxides 
(parts | opr or (parts | Phe] arts | fhe e| (parts | Peng 
De I pe | total) | PE | totaly | PS | total) 
mil- | total) mil- mil- mil- 
lion) lion) lion) lion) 
Ohio aay er: 
6-11, 2B. BOL. 0. 98 42.0 0. 92 24.3 1. 05 45.9 0. 84 22.7 
60.22 eo OR ee a eo ee el en een eee . 69 22. 2 
986i Seti a SS SLO AL At SS SES SPA AaR bd oe eee eke . 70 26. 3 
1 | 1 Pee ane ek, (NNN PNY Likes A ie) ta bo ee . . 89 45. 2 
O48 be LA EY 51.1 1.17 39. 6 . 99 37.9 . 94 25.5 
POG ecco, eae ee 1.05 51.6 1. 34 36. 9 1. 09 40.8 . 93 29. 1 
4015. Lea 97 45. 6 1.21 54.1 1.00 32.'5 . 88 2354 
py abs Ye latia 99 44,8 1. 32 45.9 1.43 30. 4 1.09 26. 9 
98 6225 JSS AI 1.16 57. 3 173 51.8 1,27 40.8 1. 04 28. 2 
G10. ae £21 50. 1 1.74]. 538.6 1.49 52.6 1. 08 27.9 
O04 29 I as. ASSES SS tk EA he AR OREM apeh$. ae een. s 1.41 28.6 
Ls a a Moa MMO Lhe bang! i | A Oe 1. 30 28. 7 
Allegheny 1 and 7-_- . 83 44.8 84 42. 1 1.18 42.7 hy 10.9 
Monongahela 1 and 
: bee eS ey 8 age Oe 96 34. 6 77 35. 7 1.05 40.3 1. 04 26. 1 
Beaver_c. de esl See [eeeaeer eee Se Sees eee een a. Soles te 1428.1 36.6 
Beioto..2/' 2 La. 2s 2. 27 64, 2 2. 81 55: 5 2. 00 68. 4 1.72 38.8 
Little Miami.____._. 1.77 13.0 2:12 60. 7 1.16} - 54.7 1.34 338.18 
Licking -2_ 23.34 1.75 76.7 2.11 68. 6 97 41.5] °§1.18 32.4 
Miami ~~. o-oo Le Se Se eee eer ee RP 72.5 1. 38 51.45 
Cumberland ...-4..|.2...- cl. se ES Be SO Ae PED ES 1.61 28.3 
Moennessee. ss peek DS aad hd os ees) ei SL ae ee .70 12.1 


20 The means for these periods are calculated as the averages of the monthly means, thus giving equal — 
weight to each month regardless of the number of samples collected. : 

21'The Ohio is also comparable to the Hudson at Albany, N. Y., the Merrimac at Lawrence, Mass., - 
and the James at Richmond, in total nitrogen content according to data for these rivers, given by Flinn,’ f 
Weston & Bogert, loc. cit. 
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TasBLE No. 7 3.—Summary of nitrogen determination at sampling stations on Ohio 
River and tributaries—Continued 


- June July August September October 











Total Total Total Total Total 
Sampling stations ke Oxides wary Oxides} T°” | Oxides nitto- | Oxides Sait Oxides 
per (per (per (per (per 
ee cent of eo cent of onto cent of i cent of | (Parts | cont of 
mil- total) | sri. | total) | Fi. | total) mil- | total) AL total) 
lion) lion) lion) lion) lion) 
Ohio River: 
<= St Sas ee 1. 33 10.9 0. 96 25. 2 1. 54 16. 2 1. 96 10. 5 1. 64 10.8 
ES ee ey 1.05 29. 2 . 66 46. 6 1. 33 22. 6 Lv2t 4 ey 1. 22 34. 2 
sn ee | NE 6 1. 08 29. 9 1. 04 33. 5 1.34 26. 6 1.05 19. 5 1. 06 rt A 
1044 MR el id 1.14 20. 0 1. 00 29. 9 1.39 22. 9 1. 34 bE Sag int ty aa gee eet 
7h eee ss SRE . 63 36. 9 1.03 35. 0 91 29. 0 1.22 27.0 .99 31.5 
MOS. sek 8s oe . 69 26. 4 83 46. 0 81 34. 1 96 31,52 . 76 38. 4 
iy ae 30 078, gee Bre 60 30. 0 67 41.2 88 32. 4 1. 04 35. 1 . 76 46. 2 
LEVERS DS ge Fee we 86 26. 3 . 84 39. 4 92 ait 1.18 39. 9 1.05 30. 7 
BUST EtE oa 94 30. 0 . 99 23. 2 a it 27.9 1.10 30. 4 . 92 44, 4 
EL 2 OER oe 1.05 26. 8 . 92 25. 0 1. 23 24.8 1.14 29. 7 1. 16 41.1 
ae ee Aa RU, 84 24. 6 ~72 8.6 1. 54 Tey, 1.30 27.'6 85 24. 3 
Aree Ry i 74 21.8 1.00 21.1 . 93 20. 7 1. 85 13. 9 76 20. 2 
Allegheny 1 and 7_-. 72 14. 2 We: 22. 2 . 96 23. 4 . 82 16.1 1. 20 17.2 
Monongahela 1 and 
PB OL. CES bee 1.15 21.0 92 19. 6 1, 31 5. 4 1.49 10. 2 1, 25 12.1 
Beaver... 0. E 1, 52 19.8 1. 27 31.8 1. 94 19.7 1. 65 21.7 1.10 33. 0 
“Sete ies, Sa Oe 1. 03 19.9] . 1.26 15.7 1. 02 14.3 1,42 25. 6 84 isd 
LEENA IIS BT SI By Bae SRS Uk? SPR Rp FD ed Feo a, dead bil ane 
Sea ie Ee BS 1, 29 47.4 86 7 2. 39 34. 7 1. 58 57.3 . 89 45.8 
RIN ES BE ee ee 1. 48 29. 7 1. 32 34. 3 1.79 28. 4 1.30 35. 3 
Cumberland --_.____- 1. 02 48. 4 1. 62 25.5 1.12 53. 2 1. 56 35. 1 1.23 26. 3 
enmessee_..-......- . 78 15.8 72 18.3 . 87 36. 1 3 27.8 78 28. 4 





TasLE No. 74.—Mean results of nitrogen determinations at sampling stations on 
the Ohio River and tributaries for four periods in 1914 





January to March April and May 
Parts per million nitro- Parts per million nitro- 
. gen as— gen as— 
Sampling stations ———| Oxides, Oxides, 
* t . per cen 
Organic per cent | Organic 
‘and — | Oxides | Total of total | and | Oxides| Total | Oren 
ammonia ammonia 
(a) (b) (c) (a) (b) (c) 
Ohio: 
i 8.6 0.65| 0.34! 0.95 35. 8 
eel alae eam SATAN raat: E wr oe sid oy5a |) 1.15 | 1..60 21.8 
5 SR ee Pe Bee ees 1752 | 1.18] 1.70 25.7 
Ss Sh vA ae a i ed TS eee 1/49| 1.40] 1 89 45.0 
POOR IE, ARUN a 764 749) 1.13 43. 4 "66| 31 9 
ol ea Ed See wae fo ee crates |r aphPh ORR. 38 6 
OS ey ee ge 59 "60 } 1.19 50.5 167 26 93 28. 0 
OP ante 8 Re "69 671 1.27 44. 9 - 89 36 | 1.26 28. 6 
MS ie tae... 1. 00 ‘99 | 1.98 50. 0 75 140 | 1.15 34.8 
619 = 95 Sm he 172 44. 5 74 Ee ie 2 41.9 
re Me MOE REY tk tC ios OF its Ae fae ee 1101 | 1.40] 11.41 28. 4 
te foe tA... | Ox eit | ad) ih eeteontine fe atu 1,93 | 1.37 11.30 zB. 4 
riienNUtias a: ola? 3°. 47 tas 4b Sc Obl has 28 j ; 
Allegheny, land 7_______---- .47 .44 .91 48, 4 . 66 y 
Monongahela, land 12._____- 147 1361 .84 42,9 -70 35 : 1 04 33.7 
AST aes geet ; haere Ey Gs ae ee 60. 0 "84/ 102| 1 86 55, 0 
Little Miami...............-- ‘91 | 1.38| 229 60. 3 68/2537 PPL 45.6 
Bee eee |. sacs 61] 1.56] 216 72, 2 . 68 .39| 1.07 36.5 
ee Te a Sloe ooweud|edeneaacee .64|. 1.16] 1.80 
ee ima Meanie | ena GRRE FARE 1115} 1,46] 11.61 28. 6 
a ae Sogn pated = aR Ee Ton AE i762} 1208| 1.70) 114 
a pe re 
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TaBLeE No. 74.—Mean results of nitrogen determinations at sampling stations on 
the Ohio River and tributaries for four periods in 1914—Continued 





June to October January to October * 


Parts per million nitro- Parts per million nitro- 








gen as— gen as— 
era : Oxides, Oxides, 
Beephene tations Organic per cent | Organic per cent 
and Oxides | Total | of total and Oxides | Total | of total 
ammonia nitrogen |ammonia nitrogen 
(a) (b) (ce) (a) (b) (c) 
Ohio 
Grand bles sercsre es 1. 28 0. 20 1. 48 13.5 0. 95 0. 28 1. 23 22.8 
(phe Mea Dimer: S Skee std poz 1. 09 20, 4B od ol on ea cn ES 
bh Bat, OD th, RE be .81 . 30 1h ORR Auch aia. JY a eee ee 
104 Teo. cae pete eee . 94 . 28 1.22 23: Of at oe Be Wg J ee 
S48 Ser oe See ba . 66 . 30 796 31.3 . 65 . 36 1. 01 35. 6 
BOS ot See tek ae ae eee ae . 02 . 29 .8l 35. 8 . 62 wat . 99 37.4 
AGI i Wega I ihite cea 18 aie . 50 . 29 .79 36. 7 . 56 . 38 94 40.5 
CRVAR Be GRINGO) RE Reo . 65 BY, .97 33. 0 ei - 41 shee. 36. 71 
BOS he yee Os | Sere . 70 31 1.01 30. 7 . 80 . 53 1. 33 39.9 — 
DIO et a eo ae. ee .77 333 1.10 30. 0 . 82 . 50 132 37.9 
A, Sh Bot epeapee ye Ss . 86 .19 1.05 18. Tea er St Ease fe | ee sre peeg. | are 
EEE aie DER, (sora . 86 . 20 1. 06 18. 9) Be eS Fe ae 
Atlochens.aland 7 so). 1 ae a2 .16 . 88 18.2 . 63 oat, . 90 30.0 — 
Monongahela, 1 and 12______- 1. 07 .16 1. 23 13. 0 81 . 26 1. 07 24, 2 
SUAVeLl cei ea) tae ee 1.13 . 36 1. 50 FAO 1 i £6 -- R25... LoS See erase 
tol) Ce) 0 iy MapaaAarel aa Hs Souter ey Sages, My . 89 ee j eg 19.8 . 96 . 81 1.77 45.8 
Little Miami. —) <ca9. 2 dep is Reg ee ee ae 1 a ee ee ee eee eee 
SMI Ee oe Lat me ag eee . 85 . 55 1. 40 39, 2- . 74 . 82 1,57 §2.3 
Wiig) 4 2ac ol ch ae ee ee 21.01 2.46 | 21.47 Sh. ptt is eee 
Oudmberland to . 84 .47 1.31 SOB Nicos sinsate Ales Sabb ocee see ee 
Tennessee: <= oo aaa Pea . 58 . 20 .78 25u6:).6 52. eee 4 eons 
1 May only. 2 July-October 


TasBLe No. 75.—WNitrogen content of water from the Ohio River at different sections, — 
compared with analyses of samples from various other rivers, and of sewage 





Parts per million of 








Character of source with nitrogen as Oxides ; 
reference to sewage Source of samples anic per cent — 
pollution Total sa - | Oxides | Of total) — 
nitrogen ammonia ‘ 
(A) Subject to only'slight | Kennebec River at Augusta, Me.1_____ 0. 43 0. 39 0. 04 9.3 — 
and remote sewage | Potomac River at Washington, D. C.1!_ . 45 . 34 ll 24.4 
pollution. Licking River at Latonia, Ky.?_______- 1. 57 Aids . 82 51.69 
Macoupin Creek, Ill. at mouth tribu- 2.07 1. 46 - 61 29.4 — 
tary of Illinois River, draining rural 
area. , 
(B) Receiving sewage} Mississippi River at New Orleans, . 86 . 74 wie 14.0 
from large urban La.! . 
populations more | Illinois River at Kampsville, Il. 2. 92 1. 50 1. 42 48.7 — 
than 100 miles about 300 miles below Chicago and 
distant. 125 miles below Peoria, Ill. 
Ohio River at Sta. 461, above Cin- 1.01 . 63 . 38 37.6 
cinnati.? 
hie River at Sta. 598, above Louis- iso . 80 «53 39. 9 
ville. 
(C) Receiving sewage | Ohio River at Stas. 5 and 11, below 1, 23 . 95 . 28 22.8 
from large urban Pittsburgh. ? 
population imme- | Ohio River at Sta. 482, below Cin- 1,12 71 41 36. 7 
diately above. cinnati.? 
year thee River at Sta. 619, below Louis- 1, 32 . 82 . 50 37.9 
ville. 2 
Illinois River at Joliet, . (imme- 3. 48 3. 26 «22 6.3 
diately below outlet’ af " Chicago ] 
Drainage Canal.)3 
(D) Urban sewage__-_____- Raw sewage, Washington, D. C.4____- 14.69 14. 00 . 69 4.9 
Average for four large cities, com-| 19.11 18. 60 . 55 294 
bined sewage.® 
(E) Sewage effluents_____- Average analysis for effluents from | 20.77 11. 36 7. 89 38 
sand filters. : 
1 Flinn, Weston & Bogert. Waterworks Handbook, 2d ed. New York, 1918. McGraw-Hill. Dp. 668. 


Computed from data there given. 


3 Original data, this report. 
P. H.8., Illinois River investigation, 1921-22. 


Investigation of the Pollution of the Potomac Watershed. Hyg: Lab. Bull. No. 
1916. Gov’t. Ptg. Office. p. 125. 


nd Eddy. American Sewerage Practice. McGraw-Hill Book Co., 


3 Original data, U; 8. 
_ .4 Cumming, H. a 
104, Washington, D.C., 


New York, 1916. Vol. ITI, 


5’From data given by Metcalf a 
81, 


§ Tbid, p. 663. Organic and ammonia nitrogen estimated from figures as free and albuminoid ammonia. 


: 
| 
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_ Range of variation.—Referring to Tables Nos. 73 and 74, perhaps 
the most significant single fact shown in relation to this study, is 
that the range of variation between different sampling stations on 
the Ohio River is very narrow, and that the variations are not 
consistently related to the known extent of fresh sewage pollution. 
‘Whether the comparison be made upon the basis of organic or total 
nitrogen, the sections of the Ohio river exposed to gross pollution 
from the sewage of large cities discharged a few miles upstream 
(stations Nos. 11, 482, and 619), show little or no consistently higher 
pollution than do sections remote from direct sewage pollution 
(stations Nos. 348, 461, 598, 904, and 933); and frequently less 
than tributaries such as the Little Miami, Licking, Cumberland, 
and Tennessee, which drain areas with relatively little urban popu- 
lation. Considering all the sampling stations on the Ohio during 
the 10 months from January to October, 1914, the extreme ranges 
of variation observed are as follows: 








Maximum Minimum 











a! Ratio, 
Nitrogen as— AS IBUIT 
; 1 : oe Month gis . ised Month name 
million million ‘ioe 
are ea aaneae ah aD 3.06 | 598 | February--- 0.604 | 461 | June_____- 5. 05 
Organic and ammonia------__.-:- 1.76 11 | September _- ‘399 40P 5 hurry. 2 _ 2 4, 52 
Th ag TEts he se ube Seelam i 1.40 | 598 | February_-- .12] 904 | August___- 11. 80 


This is a remarkably narrow range of variation as compared with 
that in content of bacteria or even in turbidity or discharge, showing 
that nitrogen determinations are not a sensitive index of physical 
and biochemical changes in the Ohio. . 

Evidences of oxidation.—In general, as shown by Tables Nos. 73 
and 74, the concentration of nitrogen, total, organic and oxides, 
tends to increase in passage downstream from Pittsburgh, notwith- 
standing that the ratio of urban population to run-off is constantly 
decreasing (see p. 66). This increase is evidently accounted for by 
the high nitrogen content of tributaries below the Beaver. However, 
the figures are not entirely without consistency in relation to known 
sewage pollution, for, except during the periods of high discharge 
there is a fairly consistent decrease in organic nitrogen from Pitts- 
burgh to station 461, above Cincinnati; and an increase, though slight, 
in passage past Cincinnati, and again in passing Louisville. 

During thehigh-water periods, January to March, and April to May, 
there is no consistently significant increase in the ratio of nitrogen 
oxides to total nitrogen in passage downstream, such as would be 

pected if oxidation were taking place at a fairly rapid rate. There 
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is, however, a definite and more or less consistently progressive — 
increase in this ratio from Pittsburgh (station 11) to Portsmouth 
(station 348) during the low-water period June—October, when the 
time of passage downstream is much prolonged. Below Portsmouth, 
the ratio remains fairly constant to station 619, but it is unexpectedly 
low at the lower end of the river, at stations 904 and 933. 
Quantitative significance of total nitrogen determinations.—The 
applicability of nitrogen determinations to measurement of the 
effect of the direct sewage pollution from individual cities, even very 
large cities, upon the Ohio River may be illustrated by a study of 
the observed effect of the wastes from Cincinnati upon the nitrogen — 
content of the stream. Between station 461, above Cincinnati, and — 
station 482, below the city, the Ohio Raver receives the ‘inflbwe of 
two hu tasieay the Little Miami and the Licking Rivers, and the — 
sewage from the Cincinnati metropolitan district, havitty; in 1915, 
} 
: 
} 


™= 


about 594,700 inhabitants, of whom about 494,300 were served By 
the sanitary sewerage systems. 

As samples from the Little Miami and the Licking River were — 
taken above the points where they receive any considerable sewage — 
pollution from the Cincinnati metropolitan district and as the dis-— 
charge curves of these streams are known, their effect upon the main © 
stream may be calculated. Thus, the results of nitrogen determi- — 
nations at station 461 on the Ohio, and at sampling stations on the — 
Little Miami and the Licking, weighted according to discharge and 
averaged, give the concentration of nitrogen which the Ohio would © 
be expected to show at station 482, exclusive of the influence of — 
Cincinnati sewage. Therefore, the difference between the observed — 
nitrogen at station 482 and this weighted average, if determined with — 
sufficient precision, would represent and measure the effect of the — 
sewage from the Cincinnati metropolitan district. ; 

As stated in a previous section of this report, the total nitrogen — 
in the domestic sanitary sewage and industrial wastes discharged into — 
the river from the Cincinnati metropolitan district may be estimated — 
as follows: 


heel 


Kilos per — 





Allowing 15 grams per capita per diem for domestic sanitary sewage from diem 
404,500 sewered populshon—._.. .,.. «6 aces aera n wn ea a 7,415 
Kstimated nitrogen content of industrial wastes from Cincinnati metro- 
politan district, based upon a census of industries (Table 48, p. 82)... 4, 857 
Total estimated nitrogen constantly discharged into the river 
through sewers from this district_._--2 02222222 12, 272 © 


Since 2,446,589 grams per diem is equivalent to 1 part per million | 
in a discharge of 1,000 second-feet, the increase in parts per million — 
resulting from 12 272 kilos per diem discharged into a given volume — 
expressed in second-feet may be readily calculated. 
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Table No. 76 shows, for each of the 17 months from January, 1914, 
to June, 1915, for which data are available, excluding December, 
1914, on account of incomplete data: 

1. The mean discharge of the Ohio at station 482, which equals 
the discharge at station 461, plus the discharge of the Little Miami 
and Licking Rivers. 

2. Parts per million of nitrogen observed at station 461 and 482, 
respectively, being the means of the separate analyses made during 
each month. The mean figures given for station 461, are averages 
of the observations at that station, the Little Miami and Licking 
Rivers, weighted according to their respective discharges. 

3. The differences, in parts per million of total nitrogen, between 
stations 482 and 461 (weighted average): (a) As actually observed, 
and (b) as expected from the above estimate of the amount of nitrogen 
in the sewage of the Cincinnati district and the prevailing mean 

discharge of the river. | 

4. The same differences, actual and calculated, expressed as per- | 
centages of the total nitrogen observed at station 461. 

The results are arranged in ascending order according to mean 
discharge. 


TaBLeE No. as: —Comparison of stations 461, above Cincinnati, and 482, below the 
city, with respect to total nitrogen 


[Monthly means, January, 1914, to May, 1915] 





T otal nitrogen, 


parts per million Total nitrogen difference, station 482- 


at— station 461 
Mean +175 Per cent of amount 
ites: nah Parts per million ie wtationMast 

second- Station LON agrees GET Fk eee END PS 

hae 461 and a Calculated Calculated 

& ibutar from esti- from esti- 

ries Observed| mate of |Observed| mate of _ 

Cincinnati Cincinnati 

| sewage 3 sewage 3 
te oc, 11,776 0. 911 1.260 | +0. 349 0.426 |  +38.3 46.7 
. November, 201 Se tit ell 15, 190 "950 "920| —.030 "330 —3.2 34, 8 
October, 1914....._...____-- 16, 922 812 1426{ +.614 ‘2997 | +75.6 36. 5 
September, 1914.__.___----- 17, 490 1. 048 1.184| +. 136 ‘987 | +13.0 27. 4 
J mPOldicecs ici) 6ys 3c) 18, 950 669 .845 | +.176 .265| +263 39. 6 
a. 21, 010 638 359 | +. 221 "239 34. 6 37.5 
April; 1915:._..-..2...--.1.- 41, 640 737 825 | +. 088 "120| +119 16.3 

+ 0 aR ae Rie 56, 070 1. 858 1.824| —.034 089 a 4. 
June, 4915.10.21 2._.).112.-.. 74,270| 1.783) 1.724 | —. 059 067| 3.3 3.8 
March, 1915..........-.-..-| 84, 1, 008 "912 | —.096 060} 9.5 6.0 
January, 1914._.-.._.--_---- 99, 680 1. 008 987 | —.021 . 051 —2,1 5.1 

ST 126, 030 “g92} 1.086] +. 194 "040 | +218 
March, 1914...______--_-- 160, 000 1, 280 1.320] +.040 . 032 +3, 1 2.5 
"February, 1914.02.20... oso =. 4541. 1.493 |. +.039 "929 42.7 22 
February, 1914_...--------- 172, 98 O20 bf Tag 2.2 
Bpentiary) W16-.-2—-.----- ag pe : Hef : a 4 49 ‘021 | +10.7 1.5 

“7| 245, ; ; ; 
Pebrasry,1015-<--.------.| 24599) bGos| 1428] taz8| 1020] 4209 28 






 1§um of the discharges at station 461, plus the Little Miami and Licking Rivers. This equals discharge 


ee Niocthi means at 461, Little Miami and Licking Rivers, weighted by respective discharges and aver- 
ed. 


3 Calculated from an estimate of*12,272 kilos per diem as amount of nitrogen contained in the sewage 
of the Cincinnati metropolitan district. 
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According to the analysis of experimental errors which has pre-— 


viously been presented (pp. 129-142) the ‘probable error” of the dif- 
ference between monthly means of determinations at two sampling 
stations would appear to be in the neighborhood of + 10 per cent, 
though doubtless varying for different stations and different deter- 


minations. In this instance, considering that the total nitrogen is © 


computed from determinations of nitrogen in three different forms, 
and that the observations at station 461 are weighted averages for 
three streams, the experimental error is quite likely greater than 
this, and a ‘probable error” of 10 per cent may be considered as a 
minimum rather than a,liberal estimate. With a probable error of 
this magnitude, errors two or three times as great may be expected 
to occur occasionally; and an actual difference is not measurable with 


ney degree of centey unless it is sibs times as great as the 


‘probable error.’ 

During the seven months in which the discharge of the river was 
less than 50,000 second-feet, the calculated increase in nitrogen 
between stations 461 and 482, ranged from 0.12 to 0.43 parts per 
million, corresponding to an increase of 16 to 47 per cent over the 
amount observed at station 461. Differences of this order are doubt- 
less too small, in relation to the “probable error” to be individually 
measurable with any degree of precision, but in aseries of observations 
they should be sufficiently consistent in their direction to be dis- 
tinguishable from random errors of observation. The observed dif- 
ferences in these seven months are actually consistent to the extent 
that in six of the seven months, station 482 shows a significant in- 
crease; an irrational result, that is, an indicated decrease at station 


482 occurring only once; and in this instance the observed decrease is © 


less than half the assumed probable error. As regards this particular 
observation, reference to the records of the individual analyses made 
during the month (August, 1914) shows that the higher average at 
station 461 results from a single sample collected on August 31, on 
which date no sample was collected from station 482. At that time, 
following a heavy rainfall and sudden rise in the river stage, the 
Ohio was unusually turbid, and the nitrogen content unusually high. 
Omitting this sample and basing the comparison upon the remaining 
six samples collected from station 461 on the same dates as from 
station 482, the monthly mean at station 461 (weighted average in- 
cluding the Little Miami and Licking) would be 0.816 instead of 
0.950 part per million; and upon this basis the result at station 482 


(0.920 part per million) would show an increase of 0.104 part per 


million, or 12.1 per cent over station 461. 


During the remaining ten months, when the discharge of the river — 
was between 50,000 and 250,000 second-feet, the calculated increase — 


between stations 461 and 482 amounted to only 0.02 to 0.09 part 
per million, which is only 1.5 to 6 per cent of the amount observed — 
at station 461. As would be expected under these circumstances, — 


? 
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an indicated decrease is shown at station 482 as frequently as an 
Merease, since the expected differences to be measured are loss than 
the probable error of the observations. 

The obvious conclusion from these facts is that nitrogen determina- 
tions, as made in this study, are not sufficiently precise to measure 
the effect of the sewage from a city of 500,000 population upon the 
Ohio River at moderate and high stages. The inapplicability: of 
these determinations need not be ascribed, however, to excessive 
errors in the technique of sampling and analysis. It is due to the 
fact that the range of actual variation to be measured is extremely 
narrow; and it is improbable that any practicable elaboration of 
technique in sample collections and analysis could so reduce the 
observational error as to insure reliable measurement of such small 
variations. It is only in periods of low discharge in the river, when 
the effect of the comparatively constant sewage flow is proportionately 
increased, that the effect becomes distinguishable, and even then it 
is measurable only in a rough sense and by repeated observations. 

‘The observed additions of nitrogen to the river during the seven 
months of low discharge, though admittedly not precisely measur- 
able, may be compared with the estimates previously and inde- 
pendently made of the amount of nitrogen contained in the sewage 
of the Cincinnati metropolitan district. Converting the differences 
between station 482 and station 461, as shown in Table No. 76, into 
terms of kilograms per diem, the indicated additions of nitrogen are 
as summarized in Table No. 77, following: 

Taste No. 77.—Observed amounts of total nitrogen added to the Ohio River in 


passage past Cincinnati, in months when discharge of river was less than 50,000 
second-feet 





Observed additions 
. Mean of nitrogen 
Pa 9 ischarge 
pegs Parts per Kilo- 
ee ae grams per 
million diam 











eS aaa dam 11, 776 0. 349 10, 100 
a TT ee | ES SSR Tae es ee eet Seek ee ee eee 15, 190 1,104 13, 860 
ede a Ge SRNR LN cee milage ey ball SAE SRI ts ter llth ip eae 16, 922 . 614 25, 400 
SDE ira ee ete oe te a et ee 17, 490 . 136 5, 820 
i die gE SE Ses a E72) ee Se 18, 950 176 8, 160 
Sneeany ys pele) MERE) TELESIS) “SS ab edt 1 “TR DOTA Lb ke 21, 010 22k 11, 400 
Sea Ase | SURI) |i 1) | byviss \eerety | esi al lees 41, 640 "088 8, 960 

ee Satan! actu i srtne-) oo > -2>----00-=--F enn 20, 425 . 241 | 10, 520 





1 Omitting one day’s observation at station 461. m 

The values for individual months are widely dispersed, as might 
be expected, but the average for the whole period of seven months, 
10,520 kilos per diem, is in reasonably close agreement with the esti- 
mate of 12,370 kilos. The observed increase, 10,520 kilos, corresponds 
(0 a contribution of 21.3 grams per capita of sewered population, in- 
luding industrial wastes. This is well within the range of amounts 
stimated for other cities from volumetric measurements and analyses 
#f their collected sewage. Exclusive of the amount, 4,857 kilos per 
liem, estimated as originating in organic industrial wastes, the in- 
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dicated per capita contribution of nitrogen during this period was — 


11.46 grams. This is less than the estimate of 15 grams per capita 
which is used elsewhere in this report, but is an entirely reasonable 
figure upon the basis of studies made elsewhere. Moreover, it is to be 
expected that there would be some temporary loss of nitrogen during 
periods of low water, due to sedimentation of sewage solids; and the 
figure of 15 grams per capita used in our calculations was adopted as a 
liberal rather than an exact estimate. The agreement between the 
estimated and the observed additions is, on the whole, sufficiently 
close to confirm the reasonableness of both the estimate and the 
observations. 

Surface drainage and urban sewage as sources of nitrogen.—Applying 
an estimate of 15 grams of nitrogen per capita per day for the sewered 
population of the watershed, and adding the amount estimated to be 
contained in organic industrial wastes as given in Sectiom III, a rough 
estimate may be made of the total amount of nitrogen contained in 
the domestic and industrial urban sewage discharged into the Ohio 
directly or indirectly from various subdivisions of its watershed. 
Comparison of this apparently liberal estimate with the total amount 
of nitrogen actually carried in the river, as determined by analyses 
and discharge measurements, may then serve to give some idea of the 
relative importance of urban sewage and natural surface drainage 
as sources of the nitrogenous matter found in the river. Table 
No. 78 presents the necessary data for such comparisons at two 
points on the Ohio River and on two tributary watersheds for the 10 
months, January to October, 1914, also for the period of relatively 
high run-off, January to May, and the period of low run-off, June to 
October. 


TaBLE No. 78.—Observed amounts of nitrogen (kilograms per diem) carried by the 
Ohio River at three sampling stations, and by two tributaries, compared with 
amounts estimated as originating in sewage of urban population 


10 months, January-October, |5 months, January-May,| 5 months, June—October 








1914, moderate discharge 1914, high discharge 1914, low discharge 
Total nitrogen Total nitrogen Total nitrogen 
oe ay oon ne Ae eng Ac- 
is- Ob- | Accounted for is- -  |counte is- Ob- |counted 
Watershed charge | served in urban charge | served | for in | charge | served | for in 
(thou- in sewage (thou-{ in urban | (thou- in urban 
sands | river sands | river |sewage| sands | yjver | Sewage 
second-| (kilos | Second-| (kilos second-| (kilos 
feet) | ‘per | Kilos |Percent| feet) | per |Percent| feet) | per [Percent 
diem) | per | of total diem) | of total diem) | of total 
diem |inriver in river in river 
Ohio River: 
Above station 
SM A EELS 73. 70 |179, 000 | 59,600 | 33 134. 60 |386, 000 15 12, 84 | 25, 400 235 
Above station 
1) Pe ae ee 83. 82 |192, 000 | 64,900} 34 151. 20 |402, 000 16 16. 40 | 31, 700 204 
Scioto River. -......- 6.65 | 28,800 | 5,280} 18 12, 50 | 74, 200 7 . 80 2, 180 242 
Licking River._-___- 3. 89 | 14, 900 143 - 96 6. 61 | 28, 000 .5 L 14 3, 910 3.7 





Considering the whole period, January to October, as fairly repre- 
sentative of average conditions in the river, it is seen that the nitrogen 
estimated as contained in urban sewage accounts for only one-third 


ae 
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or less of the total amounts carried by the Ohio at the three points of 
observation cited ; and for an even smaller proportion of the amounts 
carried by the Scioto and Licking Rivers. During the period of 
higher average discharge, January to May, the proportion accounted 
for as sewage Is even smaller, about 16 per cent of the total at Ohio 
River stations, and from 0.5 to 7 per cent on the tributaries. The 
plain inference is that under average and high water conditions the 
major part of the nitrogenous matter which finds its way into the 
Tiver system is derived from surface drainage, not from urban sewage. 
_ During the period of low discharge, the nitrogen estimated as 
contained in urban sewage is sufficient to account for more than twice 
the total found in the Ohio and the Scioto, but only a small per- 
centage in the Licking. This need not be taken, however, as indicat- 
ing that all the nitrogen present in the Ohio at low stages is actually 
of sewage origin, although the relative effect of sewage pollution is 
undoubtedly increased. In the first place, the discharge of urban 
sewage is not entirely constant, tending to be somewhat less during 
periods of dry weather, when solids accumulate in the sewers and in 
the small streams into which they frequently discharge. Also, the 
amount found in the river at low water stages does not necessarily 
represent the total received above the point of observation, for under 
low water conditions the tendency is generally toward sedimentation 
rather than scour; and abstraction of nitrogen by living aquatic 
organisms is probably at its maximum. If the observed decreases 
in turbidity may be taken as an index of the extent of removal of 
solids by sedimentation, this factor alone might readily account for 
the (temporary) loss of well over 50 per cent of the suspended nitro- 
genous matter in the several hundred miles of waterway above the 
points of observation. Again, the estimate applied to urban sewage 
is, as above noted, an intentionally liberal estimate, considerably 
in excess of that ordinarily applied. 
If, as is indicated by the foregoing data, the chief source of the 
nitrogen in the Ohio River at moderate and high stages is natural 
drainage, variations in the amount of nitrogen carried should be 
closely associated with variations in the amount of surface drainage, 
that is, total run-off. That such is actually the case 1s illustrated 
by Table No. 79, which shows, for stations 348, 461 and 482 on the 
Ohio, and for the Scioto and Licking Rivers: (a) The mean dis- 
charge, and (6) the amount of nitrogen carried in kilos per diem for 
each month, January to October, 1914, the data for each station 
being arranged in ascending order of monthly mean discharge. From 
this table it is readily apparent that the amount of nitrogen carried 
aries directly with discharge, the nitrogen increasing generally In 
omewhat higher proportion than the discharge, indicating a tend- 
ney towards higher concentration of nitrogen at the higher river 


tages. 
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Taste No. 79.—Relation between discharge and amount of nitrogen carried in 
Ohio River at various points and in two irehutgries 


[Monthly means, January-October, 1914] 








Station 348 Station 461 Station 482 Scioto River Licking River 
Dis- “| Total Dis- Total Dis- Total Dis- Total | Dis- Total 
charge | nitrogen| charge | nitrogen] charge | nitrogen| charge | nitrogen| charge | nitrogen 
(second- |(kilos per | (second- | (kilos per (second- |(kilos per} (second- |(kilos per} (second- | (kilos per 


feet) diem) feet) diem) feet) diem) feet) diem) feet) diem 
4, 400 8, 190 12, 700 23, 600 15, 200 34, 180 490 1, 002 — 110 220 
11, 800 23, 400 13, 900 29, 800 16, 900 43, 500 730 2, 251 230 888 
13, 700 32, 200 17, 100 43, 550 17, 500 50, 670 810 2, 814 740 4, 330 
16, 400 33, 300 18, 700 30, 560 19, 000 39, 170 960 | 2, 400 1, 030 3, 250 
17, 900 30, 200 19, 800 29, 260 21, 000 44, 160 1, 000 2, 520 3, 370 14, 430 
90, 800 | 233, 300 94,900 | 225, 200 99,700 | 240, 700 5, 050 28, 040 3, 600 7, 790 


133,000 | 438,400 | 147,700 | 437,300 | 160,000 | 516,800 | 14,200 116,000 | sero | 131430 

2i0, 000 | $60, 800 | 287; 100 | 877, 200 | 247,800 | ‘862.300 | 19,100 | 181,300 | 13,200 | 85,240 

A further indication of the preponderating influence of surface 
drainage rather than urban sewage upon the nitrogen content of the 
river is its relation to turbidity, which may be taken as an index of 
the extent of soil erosion, and to rainfall, which has already been 
shown to be an important controlling factor in erosion. .Table No. 
80 shows the monthly means of turbidity, total nitrogen and ‘‘oxygen 
consumed” in parts per million, at stations 461 and 482 during the 
two full years, 1914 and 1915, the observations on “oxygen consumed” 
being added for comparison with the nitrogen. The monthly means 
are arranged in decreasing order of turbidity. 


TaBLe No. 80.—Relations between turbidity, total nitrogen, and oxygen consumed 
determinations at stations 461 and 482, on the Ohio River 


Parts per million 





Station 461 | Station 482 — 


Turbid- | Total | Oxygen || Turbid-| Total | Oxygen 
i nitrogen jconsumed|| ity! nitrogen |consumed 


ee ee |: Eee 


4. 03 7.10 559 1. 824 11. 80 
1.69 9. 50 427 | 3.141 9. 10 
95 11. 65 379 1. 724 9. 10 
1. 38 6.07 369 } 1.229 | 14.27 
1. 04 6. 68 300 | 2.191 10. 10 
1. 26 6. 30 270 1, 493 6.29 
2.31 8. 60 251 1. 040 8. 10 
1. 34 7.00 189 1. 501 8. 30 
.99 | 4.60 179 1, 540 6. 30 
1, 04 3. 45 174 1. 086 3. 50 
93 7. 50 173 - 920 2.77 
_87 3. 36 167 1. 135 6. 50 
1. 08 4.70 156 1. 052 5.70 
. 87 3.87 125 1. 426 6. 60 
1.22 5. 40 120 1. 320 4.70 
.97 4.47 104 . 987 4. 20 
1. 21 4,20 102 . 859 4, 04 
72 2. 50 100 1, 426 2.85 
1, 25 5. 70 92 _912 6. 10 
96 3.84 91 1. 340 5. 60 
.73 2. 46 84 | 1.184 3.35 
266 2. 20 26 825 3. 10 
. 89 4. 04 23 845 2. 40 
- 60 1.78 16 1. 260 4. 67 


QUARTILE AVERAGES 


1, 725 7. 883 384. 0 1. 933 10. 110 
1, 247 5. 752 188. 8 1. 204 5. 912 
1,012 4. 190 117.8 1.178 4. 682 

. 848 3. 337 55. 3 1, 061 4. 203 








1 Turbidities as given in Table No. 50. 
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Simple inspection of this table, especially of the averages, shows, 
oth at 461 and 482, a positive and apparently high correlation of 
otal nitrogen and oxygen consumed with turbidity. The coeffi- 
cients of correlation derived from this table are as follow: 





Coefficients of correlation 





Station 461 Station 482 


Dmmnny anaroval miurogend.2-- 2.) _--_ 4 ea 0.7 
Turbidity and oxygen consumed___.._.........------------ ee i WOLE 080 as eae. bu 








The coefficients of correlation are all sufficiently high and sufh- 
ciently in excess of their probable errors to be definitely significant, 
indicating that at these points on the river, soil erosion, as measured 
by turbidity, is an important factor presumably the most important 
factor in determining the proportion of organic matter present in 
the water as measured either by total nitrogen or by oxygen con- 
sumed determinations. That this should be the case at station 461, 
which is remote from any considerable direct sewage pollution, is as 
expected. It is, however, somewhat surprising that there should 
be substantially the same degree of correlation at station 482 which 
is exposed to the full effect of pollution from the sewage of Cincinnati. 


2. DETERMINATIONS OF OXYGEN CoNSUMED BY PERMANGANATE TEST 


The results of determinations of oxygen consumed by the standard 
permanganate test, as made at all sampling stations during the year 
1914, are summarized in Table No. 81 by months, and Table No. 82 
gives a more condensed summary of the averages for the entire 10 
months and for the two periods, January to May and June to October, 
representing, respectively, conditions of generally high and quite low 
river stages. In Table No. 83 the observations at four stations on 
the Ohio are compared with recorded analyses of water from several 
other rivers in the United States. | 
_ This determination is customarily included in the routine of 
sanitary chemical analyses as affording an index of organic matter 
supplementary to that given by nitrogen determinations, and has 
been included in the schedule of this study in deference to custom 
rather than in the expectation that the déterminations would be of 


pery considerable significance. 
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TaBLE No. 81.—Summary of results of permenadate oxygen consumed determi 
nations upon samples from the Ohio River and tributaries, January—October, 
1914 : 

[Monthly means] 


Parts per million oxygen consumed: Monthly means 


Sampling stations Oeel 
Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. : 











leghen# 1-7 Lice coe 3.22] 490] 3.70] 3.90] 3.65] 282] 3.00] 3.37| 4.48] 3.36 
Sononpanals 1-127___.....---- 3.89 | 3.04] 3.40] 3.10] 185] 210} 290] 3.50) 3.51] 217 
Ohig: 3.45] 249] 1.80| 3.30] 3.96] 270 

3. 23 }) 3.11 2.80} 2.21 3. 20 3.10 

3. 73 3, 41 2.50} 3.09] 3.84 5.4 

2. 50: |. -2/23 | 2.90) 13.19 13.32 |_ 2a a 

4. 51 1.58 | 2.90) 5.02] 3.91 3. 72) 

5.60} 1.60) 2.50} 414] 3.98] 3.12 

3. 87 1.78] 2.20) 3.36] 3.45 2. 82 

3.50 | 4.04 | 2.40°| 2.77 1° 3.35 2. 39 

4.38 | 2.29; 3.00] 3.538) 4.11 2. 99 

3.98 | 3.441 3.30) 407] 436 4.00 

4.32 | 4.34] 5.00| 3.23] 4.43 3. 65 

5.20] 4.62] 3.00] 403] 3.76| 3.95 

‘ 3.84] 2.63 | 2.70} 2.80] 3.33 3. 26: 

3. : 20} 3.18; 4.00] 4.40] 4,41 3. 95. 

. i 4 4. 92). DSTA Se NSA ae 

Licking Rivet2. 32. 222-2222 2.52} 5.40] 3.50] 5.70] 3.80] 14.95| 4.30] 5.06] 4.08 3. 20: 
Miami River.c-_ic. 2c. teers. ik Sick Shine See 4300.) 2 Eb 4.50 | 3.25] 3.90 3. 70 

Cumberland River--:202...22i|2. BS ae eee 4.00} 4.10} 3.60] 2.80) 4.13 4.92. 
Tennessee; River )22c8_ 2S Jae a oe OE 1.60 | 4.20] 3.20] 2.84] 3.53 4. 58 


1 Samples from station A-1 January-April, inclusive; thereafter from A-7. 
2 Samples from station M-1 January-April, inclusive; thereafter from M-12. 
3 Samples from station O-5 in January, February, and August; all others from O-11. 










¥ 


TaBLE No. 82.—Mean results of oxygen consumed determinations upon samples 
from the Ohio River and tributaries for designated periods, January—October, 
1914 





Parts per million oxygen con- 

sumed, means for desig- 

nated periods 4 

Sampling stations 


January-| January-| June- 
October May October 


ee ee ee weeny ON 3, 64 3. 87 3.41 
Monotigaheld §-32 %.2-001.2.5.. 223 8 SB ee Oe on ee eee 2. 95 3. 06 2. 84 
Ohio River: 
Se1L 3c. 2. OL. I ee aaa Be a Ae 3. 38 3.91 2. 85. 
ee ae ee ee TS Te 43. 23 2. 89 
ns ee MT ee 43.73 3. 65 
er eee ve ae a Oe ME Te 42, 50 2. 91 
$4852 h252l2 3.2 f2iis..-ki4_. ELAER IS. Coe RS eee 3. 98 4. 54 3. 43 
EEE ee ae ne ar ee BO WaT ee 4. 09 5.12 3. 
AGT. SIA A ee ee ee 3. 68 4. 64 2.72, 
oe ee See et ee ei. SET ee 4. 02 5. 06 2,98 
Tt ADORNS eee Pe cede cm|  fe2| 38 
EPP a may iT ee PLT RR me : 5. . 83. 
904202. 220 SIR LD es SE RRS Re ee eee 44, 32 4, 12 
SP eee ae ee SAAS ERNE | eC PL EP we 5. 20 | 3. 87 
Beaver. River. £2. SJL 2G ae AO nec ee pain 2m +6. Of 2. 94 
BClOCO. «0 -- ve cineinn!s Janine hance uk ee ee 4, 69 5. 39 3. 99 
Little Miami. 27.2.2 2.--2yest-.-. cies saoscksid. ba... eee ee 5.33 |_..-2¢ oa 
Licking. 2. 2-0. 054+ eile Ue seth os ee le 5. 25 4.18 6. 3 
44,00 3. 8 
4 4.00 3.9 
41.60 . 3.6 





: Station A-1, January-April, inclusive; A-7, May-October. 
Station M-1, J anuary-A pril, inclusive; M-12, May—October. 


* Station O-5, January, February, April: O-11 for all 
‘ Result for month of May na ey or all other months. 


5 Average of April and May only. 
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Fic. 25.—Mean concentration (parts per million) of biological oxygen demand, oxygen consumed (permanganate test), and total nitrogen at principal sampling stations on the Ohio River during period 


October, 1914 
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Fic. 26.—Mean concentration (parts per million) of biological oxygen demand, oxygen consumed (permanganate test), and total nitrogen at principal stations on the Ohio River during period of high water, January LO 
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95404°—24f. 


CHEMICAL ANALYSES | 183 


TaBLeE No. 83.—Average values of oxygen consumed in various rivers of the United 
States as compared with the Ohio 


















Mean 

River Sampling station me 

sumed 
{ae pl len oleae Meme tebe n Soa ce ee soe e ee oe aee PE LOCO OUCH Ee on ee ee 13. 20 
Ng aa bso nk a in mes oe Philadelohis,<Ps coo e ae 13.70 
I ee oo ee. Oe AUpSng NOY ae ee eee 15. 51 
En he ee a eee Richmond sW ats ook ss ee 11,65 
ee ree oe ee? Minneapolis, Minn_______________ 17,60 
PES eis ae Bos = ee ee fe Peek New. Orleans, Uasi22.. os. ecece- 16. 90 

se JER sh Sal ie cadetmrarigen neo, Omsane tINebre.. se ees WT 

ne ee ee a Washington; DC 7ee. 12.6 

Speman ee ea 5. ee ee Station 461, above Cincinnati-____- 23.7 

Station 482, below Cincinnati-_--__- 24.0 

Station 598, above Louisville_____- 24.5 

Station 619, below Louisville_____- 24,7 


. ! From Flinn, Weston and Bogert, Waterworks Handbook, McGraw-Hill, New York, Ist ed., p. 668. 
_ 3 Originial data; averages for 10 months, January—October, 1914. 

As may be seen from Tables Nos. 81 and 82, and from Figures 25 
‘and 26, the results are in a general way parallel to those of total 
nitrogen determinations. As between different stations and differ- 
‘ent months, the range of variation in oxygen consumed is somewhat 
narrower than in total nitrogen; and the values show the same 
tendency to increase in passage downstream in high river stages and 
to decrease in low stages as was noted in the case of total nitrogen. 
There is also a similar correlation with run-off; and, as shown in 
Table No. 80, with turbidity. The effect of the large volumes of 
sewage discharged into the river from the Cincinnati and Louisville 
districts is not indicated consistently by an observed increase in the 
‘concentration of oxygen consumed, and even in low-water periods is 
not measurable with any degree of accuracy. 

On the whole, oxygen consumed values in the Ohio River are a 
somewhat less sensitive index of sewage pollution than total nitrogen, 
‘and while the results of the two determinations are generally con- 
sistent, it appears that the determination of oxygen consumed yields 
little if any information of value that, 1s not given by nitrogen 


determinations. 





















3. BIOCHEMICAL OxyGEN DEMAND 


The determinations of dissolved oxygen and of biochemical 
oxygen demand, as summarized in Table No. 51, probably yield 
more significant information concerning the organic pollution of the 
river than do the determinations of nitrogen and of oxygen con- 
sumed in the standard permanganate tests which have been discussed 
above. The dissolved oxygen determinations were, however, made 
with a view chiefly to their application in a study of the laws gov- 
ernine the rates of oxidation and aeration in the river, and as the 
data of Table 51 are discussed from this viewpoint in a We be 
study 22 which follows this report, it is superfluous to discuss them 


ae 


urification of the Ohio River, III, Factors concerned in the phe- 


- cadiploribgaeas “rai and E. B. Phelps. Public Health Bulletin, No. 146. 


‘nomena of oxidation and reaeration, by H. W. Streeter 


Srotion VI 
BACTERIOLOGICAL STUDIES 


By W. H. Frost and H. W. StrRerrer 


PART I 
EXTENT AND SOURCES OF BACTERIAL POLLUTION 


The general purposes of the bacteriological studies, as previously 
stated (Section IV, p. 88), were: | 
1. To determine the extent and range of pollution during a repre- 
sentative cycle of seasonal and hydrographic conditions in those 
.zones of the river which are most important from the standpoint of — 
hygiene, namely: 

(a) Zones from which water supplies must be taken for large 
cities. 

(b) Zones immediately below large cities which discharge raw — 
sewage into the river, these being the zones where, presumably, the | 
limits of toleration will first be overpassed. 

2. To determine and so far as possible to measure the effect of 
certain individual factors in contributing to the observed. status of — 
pollution, namely: | 

(a) Sewage from large urban populations discharged directly into — 
the river. : 

(6) Inflow of important tributaries. . 

(c) Action of natural agencies, physical and biological, tending — : 
chiefly toward bacterial and chemical purification of the stream. 

The considerations governing the location of sampling stations to — 
serve these purposes, the schedules of sample collections followed, and | 
the details of technique employed have already been explained in a 
preceding section. ) 

As a total of more than 25,000 samples were examined the results © 
can not be presented in detail, and they are therefore given, as are 
other data, chiefly in the form of monthly averages, in two basic — 
tables, as follows: : 

Table No. 84, in which the data are arranged by sampling stations, 
summarizes, in monthly averages, the results of all the bacteriological 
examinations made at each sampling station, the sampling stations 
being arranged in consecutive order proceeding downstream from 
Pittsburgh. In addition to bacteriological results, this table in- 
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cludes certain collateral data which, though previously presented in 
part in other sections, are repeated here for convenience of reference, 
namely: 

(1) The distribution and total number of days on which samples 
were collected from each station in each month. 

+ (2) The mean temperature of the river at each station, from 
observations made simultaneously with the collection of samples. 

(3) The mean river stage, as shown on the reference gage for 
each station, being the mean of daily gage reading throughout. the 
month. 

(4) The mean discharge of the river at each sampling station, in 
second-feet. 

(5) The results of turbidity readings made parallel with the 
bacteriological examinations. 

As observations at a number of stations were discontinued on 

October 15, 1914, the summaries for the other stations show mean 
values for the period October 1 to 15, 1914, in addition to means for 
the full month of October. 

In Table No. 85 the data shown in Table No. 84 are rearranged 
by months, summarizing the results at all stations from which 
samples were collected during the given month. This arrangement 
permits convenient comparison of simultaneous observations at 
various points on the Ohio River, and comparison of conditions on 
tributary streams with those on the main stream at the junction 
points. In addition to the summary for the whole month of October, 
1914, a separate summary is given for the period October 1 to 15. 

The collateral data in this table are the same as in Table 84, with 
the addition of mean time of flow, in hours, from Pittsburgh to each 
Ohio River station for the months, January to October, 1914. In the 
summaries for the whole month of October, 1914, and for succeeding 
months when observations were limited to the river stretch from 
Cincinnati to Louisville, the time of flow is given from station 475, 
immediately below Cincinnati, to each sampling station below, 
these being the time intervals most used in analyses of the data 
for periods after October 15, 1914. 

These two tables, together with the more detailed hydrographic 
data presented in Section II, the population distributions given in 
Section III and the sampling schedules given in Section IV, furnish 
the basic data used in most of the discussions which follow, and the 
supplementary tables inserted in the text are either rearrangements 

of the identical data presented in the basic tables, or derivatives from 

them, such as ratios. Where such derivatives are used, the basic 
figures from which they are computed are ordinarily not repeated, 
since they are accessible in the basic tables. 
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In computing the monthly means given in the basic tables an 
occasional observation on a single day has been omitted because of — 
its extreme divergence from preceding and subsequent observations; — : 
but this has been done only in accordance with definite rules of ; 
procedure ; and in each instance where such an omission has been 
made it is noted in the table by reference to a footnote. The total 
number of such omissions is ‘small, and except in the few extreme — 
cases noted all observations have been included in computing aver- 
ages, with no attempt to smooth the results. 


Taste No. 84.—Summary of bacteriological observations—Monthly means by : 
stations, with related data 


wiaht ares 


[Terms ‘‘ daily’’ and ‘‘alternate”’ as applied to sample collections signify daily or on alternate days exclusive 
of Sundays and legal holidays. > 

Mean temperatures refer to temperature of the river, being means of observations made at the time of 
sampling. 

i veronte for stations 461 to 619 are given separately for the period Oct. 1 to 15 and Oct. 1 to 30, 1914, 
the former being for comparison with results at other stations, where observations were discontinued 
Oct. 15. Owing to a general change in hydrographic conditions during the latter half of October, 1914, 
the means for the whole month differ materially from those for the period Oct. 1 to 15.] 


SAMPLING STATION A-7—ALLEGHENY RIVER AT ASPINWALL, UPPER LIMIT OF 


gorum 


ae eS eee eee 


PITTSBURGH 
[River stages at U. S. Weather Bureau gage, Freeport, Pa.] 
; 
Monthly means . 
: 
Total Bacteria per } 
days Dis- c. ¢. on— : 
Months _ | Dates of sample collections ect pear River one Turbid--—————— Peg 
taken | ture, (font) ond- ity (p. Gela- | Agar | ce. | 
“Cc: feet) |P-™| tin at | at 37° | (est.) 
20° C.,| C., 24 
48 hours} hours q 
1914 : 
March }___. ater aver ee except 11} 4,74 12.8] 37,000 71 | 7,690 640 84 
18t¢. ; 
April ?_____- Daily, except 2d__.....---- 25| 7.3 | 11.6] 48,100 50| 2,180} 400 12 
May 3______ Daily, 18th-29th___..._..- 11 | 19.3 |} 410.21} 32,800 11 | 5,850 | 6,250 15 © 
Jtnes et eihy ve 2 SS ee fos sae 26 | 23.0 3.6 6, 530 20 | 8,200 | 20, 700 44 
July. c.csras pay Pees 4th, 15th, 23 | 24.5 2.1 3, 460 16 | 4,560 | 9, 460 34 
16th, 2 

August ____- Daily, except 11th________- 25 | 23.0 1.4 1, 660 15 | 7,420 | 22, 900 73 
September_-| Daily, except 7th, 30th _-__- 24 | 19.0 1.6 2, 250 18 | 10, 200 | 16, 000 105 ~ 
October -.- Dalyy oat bth except 10 | 17.0 -9 840 16 | 1,720] 8,350 44 9 

Ist, “ x 





SAMPLING STATION A-1—ALLEGHENY RIVER AT SIXTH STREET, PITTSBURGH 
[River stage, U. S. Weather Bureau gage, Freeport, Pa.] 





1914 
January._..| Daily, shee 1st, 13th, 20} 0.9 6.6 | 21,800 62"). ieee 1, 110 162 
a 19th, 20th, 29th, 
Ist. 
February °__| 2d-6th_. --2_4- 4.-...-.-.<- 5] 24] 11.3] 25,600 ae 1, 560 207 
March._....| Daily, except 2d-4th, 17} 2.3] 12.8] 37,000 a0 2. Soeees 1, 620 246 
I6th-18th, 2ist, 23d, 


‘Aprile es Daily, except 1st, 2d, 18th__ 23 | 92) 11.5] 48,100 55 | 4,420} 1,420 114 





1 Samples taken from surface during March and April. 

? Samples taken from only one point, in midstream, during April. 

3 Sample collections discontinued, May 1-17, because of lack of facilities for collections. 

4 No record of gage readings, May 20-31. 

5 Sample collections discontinued Feb 7 to Mar. 4, inclusive, because of floating ice in river. 


Ee a ee 
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‘TaBLE No. 84.—Summary of bacteriological observations—Monthly means by 
| stations, with related data—Continued 


>) SAMPLING STATION M-12—MONONGAHELA RIVER ABOVE PITTSBURGH 


[River stage refers to 7 a. m. readings at U. 8. Weather Bureau gage (Ohio River) Pittsburgh. — . 
factory gage on the Moneneaneat ) Pittsburgh. Nosatis 








Monthly means 





Total Bacteria per 
é : days Dis- c. ¢. on— 
Months | Dates of sample collections | sam- | Tem-| p; ‘ B. Coli 
i pera- River | charge, |Turbid-——--——— 

' pies stage | (sec- |ity (p.| Gela- | Agar ee 

ond- | p.m.) | tin at | at 37° bs t 

feet) 20° C.,| C., 24 | (est-) 
48 hours} hours 





SS | | RS 


1914 . 

“March 1._.-| Daily, except 2d, 3d, 9th..| 23] 3.7} 7.7| 220,200 55| 1,370] 120 8.0 

‘April 3_____- Daily, screen 6th, 7th, 22|10.1| 11.0} 31,100 53 | 2230} 200 12.0 
s A 

May ‘ _____- Daily, 18th-3ist, except | 11 |523.5| 6.9| 9,400 12 80 41 3.0 

June....--.- . IS eee 26] 24.0] 58] 2,850 12} 400] 220 1.0 

OY toe men except 4th, 15th- 23 | 24.9 6.1 1, 920 8 55 6 100 2.0 

August ..... Daily, except 4th, 5th, 233 | 24.8] 6.0| 2,070 4 30 22 0.7 

‘September-__| Daily, except 6th, 23d____- 231 21.0] 6.0] 1,120 5 20 18 0.4 

October--_--- Daily, 1st-15th, except 10 | 19.7 6.1 830 11 10 11 Oz 
ist, 7th, 8th. - 


SAMPLING STATION M-1I—MONONGAHELA RIVER ABOUT 1 MILE ABOVE MOUTH 


[River stage: Refers to 7 a. m. readings at U. S. Weather Bureau gage (Ohio River), Pittsburgh. No 
satisfactory gage on the Monongahela] 





1914 
January.._-| Daily, except Ist, 13th, 20} 1.0 5.8 | 717, 000 tig eke 360 64 
: 14th, 19th, 20th, 29th, 


’ 3ist. 
February 8_.| Daily, 2d—6th --_--.-...---- 





5} 2.4 6.4 | 16,600 G2 ieee 560 104 

’ March.----- Daily, except 2d, 5th, 16th- 18 | 3.8 7.7 | 20, 200 58} 4, 210 780 124 
4 18th, 31st. 

2 Daily, except 1st, 2d, 18th_- 23 | 10.7} 11.0] 31,100 68 | 2, 670 470 26 


SAMPLING STATION 3—OHIO RIVER, 3 MILES BELOW “POINT,” AT PITTSBURGH 
: [River stage: Refers to 7 a. m. readings at U. S. Weather Bureau gage, Pittsburgh.] 


| 








: 1914 
aiiary Daily, except ist, 13th, 20! 1.01 5.8| 38,800] . 89 |..--.--. 440 86 
' 14th, 19th, 20th, 29th, 
rt 81st. 
_ February_._} 2d-6th only !° __-__-------- 5] 24 6.4 | 42,200 Q1 | aterset 1,010 226 
ale Leal Daily 5th-26th, except 15| 1.4| 7.7| 57,200 53 | 7, 400 950 169 
: poi s8th, 25th. ae eee 
ca. i} 7m - NIRA ED oo oo ean bie ai ee Meme 0 bP Me 200. lee a. So Sse. 
lay Daily, cov AS eda 52 }'15.8 | 116.9| 42, 200 62 | 5,330 | 2, 440 196 
Saune...- 2c. Daily, except 30th_._-.---- 25 | 24.0) 115.8] 9,380 38 | 9,470 | 15, 200 220 
ayo Daily, except 4th, 14th-_-| 25 | 25.1) 6.1] 5,386 5 | 5,300 | 10, 600 127 
Proust > te ae 26 | 25. 0 oh ae bs ae roees - 
: yer. t 5th, 7th___-- 94 | 21.0 : : ‘ : 
| ga pay’ oo 1 media ae 13 | 19.0] 16.1]. 1,670 14 | 6,900 |1853,900 255 








1 Samples taken at surface during March and April. After May 17 taken at mid-depth, at accurately 


; i . . 
ok Discharge vélculated as difference between discharge of the Ohic River at Pittsburgh and that of the 
Allegheny. : é 

3 sommes taken from only one point (center) during April. 

4No samples collected May 1 to 17, inclusive. 


166 25-29 only. ; 
. essen noes: zith anise’ in taking average. Including these results, average for month 


er trmctioreo calculated as equal to difference between discharge of the Ohio River at Pittsburgh and that 
ofthe Allegheny. a 

§ tion omitted Feb. 7-Mar. 5 on account of floating ice. 

, Beet on snrincs until May 4, 1914, thereafter from mid-depth to 
10 Sample collections discontinued Feb. 7-Mar. 4 on account of ice in rive 


-onrearrangement of schedule. 


A ; h. 
11 Gage in backwater during whole or part of the mont » would be 9,020. 
12 Excluding excessively high agar coun! raat a's would give average of 27,800. 


13 Omission of excessively high agar counts Oct. 3 an 


95404°—24¢——14 


ccurately located points. 
r; discontinued Mar. 27-May 4, 
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TaBLeE No. 84.—Summary of bacteriological observations—Monthly means by 
stations, with related data—Continued 


SAMPLING STATION 5—OHIO RIVER, 5 MILES BELOW “POINT” AT PITTSBURGH 
[River stage: Refers to 7 a.m. readings at U. S. Weather Bureau gage, Pittsburgh] 





Monthly means 
; : 
Total Bacteria per 
jandinaes days Dis “ C..C..0n— 7 
Months | Dates of sample collections ech enon River | charge, |Turbid- é rgb 
taken | ture, Fon nes ity (P- 1 Gela- Agar | ¢.¢. ; 
©, | Meet) | ond | p-m-) | tin at | at 37° | (est) 
feet) 2° C., | C., 24 
48 hours} hours 3 
4 
1914 } 
January_-...| Daily, except Ist, 13th, 20} 1.0 5.8 | 38, 800 86d. 5---.73- 4310 80 
14th, 19th, 20th, 29th, 
31st. 
February--_| 2d-6th, only__.__....-.___- 5| 2.4 6.4 | 42, 200 +) lateiactig Ye 820 177 
March ._._. Daily, 5th-30th, except 18 [ft 202 Tike 57, 200 61 5, 810 760 179 
16th, 18th, 26th. 
AOU eee Daily,,0d-sULn occ e oe 24] 9.9 11.0} 79, 200 60 | 3,280 900 88 
: SAMPLING STATION 11—OHIO RIVER, 1 MILE BELOW DAM NO. 3 


[River stage: Refers to 7 a. m. readings at U.S. Weather Bureau gage, Pittsburgh] 





1914 
March !2___| Daily, 10th-30th, except 12 7° 370 7.7 | 57,200 69 | 2,800 280 10 
1lth, 12th, 16th-19th. 
iGo gl a Cece 30, 4th, 6th; Litho 2 417.19 $11,001 4 79, 200 66 | 2,640 600 20 
May <3 a2 Daily, 5th-20th =. Laer ss 22 | 16.0] 36.9] 42,200 62 | 2,850} 1,280 76 
JUG bh. SN TL ee ha 6 | 25.0 5.8 9, 380 52 | 3,160 | 10, 200 37 
July 4225: Daily, except 4th, 23d, 24th_ 24 | 24.7 6. 1 5, 380 4 640 | 3,420 
August 4__-_| Daily, except 12th__..____- 25 | 24.6 6.0 3, 730 4 495 | 2 
September__| Daily, except 7th, 30th -__- 24 | 20.5 6. 0 3, 370 10 | 1,850 | 3. 
October _ _-_- a es eens except 10 | 18.3 6.1 1, 670 8 790} 1 
lst, , 8th. 


SAMPLING STATION 19—OHI0 RIVER, 4 MILE BELOW DAM NO. 45 


1914 

April 422 oo Daly: vba papa except 19 | 10.3} 11.0] 79,200 67 | 2,750 500 24 
llth, 24th. 

May...____- Alternate ¢_...........___- 13 | 16.0] 76.9| 42,200 57 | 2,100] 1,100 58 

tne: tee Hina dtd. Mess Wee Meee: 8 13 | 24.0] 75.8 9, 380 50 1,520} 3,380 23 

Jitly 2. Di Alternate, 1st-20th, ex- 8 | 24.2) 76.1 5, 380 7 | 1,000} 3,100 35 
cept 6th. 7 

August ____- Alternate, 14th-31st______- 8 | 24.4] 76.0 3, 730 7 740 | 1,400 75 

September. - ee 2d-28th, ex- EF | 20. 5144 7,6..0 3, 370 13} 1,200} 1,100 134 
cept 7th. 

October__-_| Alternate, except 7th 5) 18.8) 76.1 1, 670 18} 1,220] 1,450 70 
(1st-15th). 


' Samples from surface until May 4; thereafter from mid-depth at accurately located points. 

2 Sample collections irregular during March on account of unfavorable weather conditions. 

§ Gage in backwater (pool stage) during whole or part ofmonth. 

‘Sample collections discontinued at this station July 22-31, and Aug. 1, 3, 10, 11, and 12, because of - 
repairs tolock at Dam No.2. Samples were collected during this period from a point about 2 miles up- | 
stream above Dam No.2. Monthly average results include the samples from the latter point. : 

Samples from mid-depth at carefully located points. S 

_ After May 1 sample collections made every other day alternating with collections at Station No. 23. 

- Sample collections discontinued July 21 to Aug. 13, because of repairs to lock at Dam No. 2, inter- 
fering with launch service. 


See 
eel a 
eaten 5 
Om 
a ey ee cl ee ee he ae ee ee ee ee ee 
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Taste No. 84.—Summary of bacteriological observations—Month 
stations, with related data—Continued to cm 


SAMPLING STATION 23—OHIO RIVER, } MILE ABOVE DAM NO, 51 
[River stages: U. S. Weather Bureau gage, Pittsburgh] 








Monthly mean 
% re Bacteria per 
Months | Dates of sample collections | sam- | Tem-| ,,. Dis- aa ve: B 
ples pera- River | charge, |'Turbid--—————__—_- B. Coli 
*! (feet) | ond- | p.m.) . e ~ Agar, Cus; 
feet) se ‘a at eA (est.) 
48 hours hours 
April ‘ Alt 
“A pril__- 222. ernate, 8th-30th, ex- 7|1L7) 11.0] 79 
cept 10th, 16th, 25th. ey BP | PaO: a 620 ” 
PMiay_-.22s- by aaa 5th-28th, plus 12} 16.0} 26.9 | 42,200 64 4,100] 1,780 64 
June....-.-- Alierpate!_.___---( aoo-'s-- 13.| 23.4] 45.8] 9,380 18 | 3,900] 6,830 
By 828 Alternate, 2d—-2ist, except 6 | 24.51 276.1 5, 38 . ; is 
bh re “ath 7th, ith. : , 380 7| 1,040) 5,340 118 
ugust 3__2_ ternate, 13th-29th_-:---- 8.| 24.0] 26.0 3, 730 7 |41,020}. 2,100 
September_.| Alternate.-.....-.------- 13 | 20.3] 26.0| 3,370 15} "900 | 51,920 ioe 
October~ --_- aisaiey ana 3d-15th, ex- 6 |17.9 | ®6:1 1, 670 Dt i> 1Os---5 250 123 
cep ' 








SAMPLING STATION BEAVER—BEAVER RIVER AT MOUTH (CONFLUENCE WIT 
OHIO BETWEEN STATIONS NOS. 23 AND Coys ¥ 


[River stage: U.S. P. H.S. gage, Wampum, Pa., July-October. No gage prior to July 1] 
ee ee Nee 


] 
| | 


; 1914 
BA pril . 232. Daily, 7th-30th, except 186 19 Behe 1 ao > 7 11, 800 93 | 12,000 | 3, 000 180 
8th, 11th, 24th. 
May .1 s23- Daily, except 2d, 30th, 31st_ 24s | 17 Oa. Be: 7, 480 85 | 6, 260 | § 3, 460 235 
mune. 3568 $2 doable 22288. 222g. Ss 26%.) 2a: 4) oe Se 850 26.| 3,960} 2,830 190 
PY -5 en ao Daily, 1st-2ist, except 15 | 23.8] .680 460 11 | 5,070 | 7,850 502 
a 4th, 6th, 11th. ® 
August ----- Daily, 13th-31st.9_..------ 16 | 23.0} .485 360 17 | . 6,440 |. 11, 200 550 
September-- bat G except 7th, 11th, 23 | 19.0] . 530 390 17 | “9,190 | 9,860 775 
: 30th. 
October___.| Daily, 1st-15th, except 10 | 160] . 253 240 15 | .7,720 | 6,520 640 


Ist, 7th, 8th. 
es OS eins Ee 


SAMPLING STATION 29—OHIO RIVER, 3 MILE BELOW DAM NO, 6, ABOUT 4 MILES 
BELOW MOUTH OF BEAVER RIVER" 


[River stages: U. S. Weather Bureau gage, Pittsburgh] 











{ 


e  1914 , 

BA pride st? 223 mabernetee. 7th-29th, ex- 10| 9.6 | 11.0 | 91,000 84 | 5,000 934 18 

cept 13th. 

: LAY ..----- eae Wst-220. see 45k 10 | 14.4 | 116.9 | 49, 700 86 | 5,140] 3,340 142 

_ August-.--- Alternate, except 26th_.--- 12 | 25.0} 46.0 4, 090 3 922 | 1, 560 24 
September--| Alternate, 2d-18th, ex- 7 {| 20.7 | 116.0 3, 760 5-|. -1, 420 2, 030 197 


cept 7th. 


ag] Samples from mid-depth at accurately scented pis: dail with collections at No. 19. 

2 Gage in backwater (pool stage) during whole or part 0 month. | . i 

3 sample collections heomtindel July 22-Aug. 12, because of repairs to lock at Dam No. 2, interrupting 
launch service. 
4 Excluding excessively 
5 Omitting excessively high agar counts on Sept. 1, averag 
6Samples from mid-depth in midstream—one point only. 


7Di h. ‘ i 
pepeeres Bt mou! ous agar count of May 1 omitted in taking average. 


_ 8Excessive and anomal 
agefor month would be 6,220 airs to lock at Dam No. 2, interfering 


9Sample collections discontinued July 22-Aug. 12, because of rep 
etnies from anid-dapth at accurately located points. Sample collections discontinued during June 
and July because of low water interrupting launch service. 

11 Gage in backwater (pool stage). 


i il t at one point on Aug. 18, average would be 520. 
a an pe Hy P e for month would be 1,410. 


Including this result, aver- 
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Taste No. 84.—Summary ‘of bacteriological observations—Monthly means or 
stations, with related data—Continued 


SAMPLING STATION 65—OHIO RIVER ABOVE STEUBENVILLE, OHIO 
[River stage: U. S. Weather Bureau gage, Wheeling] 








Monthly mean 
Total 'B aeteria per 
Miontha | Dates oteatmnlaceleetited Men. Dis- | See 
mths ates of sample collections | sam- if a 
% F ples Beri River | charge, |Turbid--——~——_ gre 
taken | ture, bas ee ity (D-| Gela- Agar | ¢.c. 
og, | (feet) | ond- |p tin at | at 37° | (est.) 
feet) 20°C., | C., 24 
48 hours} hours 
1914 ¢ 
May ee. Alternate, 7th-29th, ex- 10} 16.6) 11.4] 55,700 82 [ea er 519 39 : 
cept 11th. : 
June______-- Alternate 73) <3 ee 13 | 22.7| 16.11] 10,300 74 A Pe tae 1, 580 14 
shies Alternate, except 8th_____- 13 | 24.6] 17.8 6, 630 6 890 780 13 
August_-____ mw Gs except 7th, 14th, 10 | 24.2) 18.2 4,650 4 370 835 19 
26th. i 
September__| Alternate, except 7th_____- 12} 19.8] 18.0 4, 500 33 614 384 424 
October___-_| Alternate, lst-l5th________ 6} 17.7) 17.8 2, 470 5 425 212 7 ; 





SAMPLING STATION 77—OHIO RIVER BETWEEN STEUBENVILLE, OHIO, AND 
WHEELING, W. VA. 


[River stages refer to 7 a. m. readings at U. 8S. Weather Bureau gage, Wheeling] 














1914 
MGY:. cacee~x Alternate, 7th-29th.___.__- 10} 16.8} 11.4] 55,700 bo 1 ie 565 36 
PHU dhe< Altetnate ios S22 hese 13 | 23.7} 26.1] 10,300 2 i. et a gle 2, 280 42 
Poly: se <-: Alternate, except 8th__-___ 13 | 25.0] 27.8 6, 630 7 | 1,230} 3 260 28 
August_-___- Seer except 14th, 11 | 24.6] 78.2 4, 650 13 887 | 1,640 48 
26th. 

September__} Alternate, except 7th______ 12} 20.3] 28.0 4, 500 241 1,100 634 82 
October____| Alternate, Ist-15th________ 6 | 18.2] 27.8 2, 470 5 614 470 14 
SAMPLING STATION 88—OHIO RIVER JUST ABOVE WHEELING 

1914 
May 2... Daily, eo except 18} 16.8] 11.4] 55,700 BO. ae tees 447 28 

11th, 12th, 30th 
BENG. 25 ce aE er Ue 6 nee act eis 26 | 23.7] 26.1] 10,300 30} sk 4 B40 29 
VIN seess Daily, except 8th._..___-.- 25 | 25.0] 27.8 6, 630 11 607 660 72 
August ____. yd except 15th, 25th, 23 | 24.4] 28.2 4, 650 13 670 3 720 48 
September__ Dale ‘except 7th, 19th_____ 24 | 20.4] 28.0 4, 500 25 530 388 43 
October___-- Daily, st-15th. 2c. ween. 13 | 18.6] 27.8 2, 470 8 352 213 17 
SAMPLING STATION 97—OHIO RIVER BELOW WHEELING AND BELLAIRE 
[River stage refer to 7 a. m. readings at U. S. Weather Bureau gage, Wheeling] 

1914 
Nay eee Alternate, 8th-28th____.... 10} 16.3 | 11.4] 55,700 O1 fe coetes 627 84 
June: 22. Alternate peeiscud bal deus 13 | 22.6] 26.1] 10,300 32) sce? oS 2, 680 118 
BU ess sae eee ro Ct ae epee RE er a | 12} 24.8) 27.8 6, 630 8 | 44, 240 | 53, 800 161 
AleOatadil 2 west Osh ta toh asqed awe 13 | 24.2) 28.2 4, 650 12} 3, 200 | & 4, 330 151 
September_.| Alternate, except 19th ____. 12 | 20.4} 28.0 4, 500 22] 1,630] 1,570 92 
October-..-. Alternate, lst-15th_____.__ 7/182] 27.8 2, 470 8 173,420] 2, 460 113 





1 Gage in backwater (pool stage). 

2 Gage in backwater (pool stage, Dam No. 13), June 14-Oct. 15. ~ 

3 Excessive and anomalous agar count of August 13 omitted in taking average. Including this result, 
average for the month would be 1,330. 

4 Excluding gelatin count of 69, 400 at South Point J uly 1, average would be 2,430. 

5 Excluding agar count of 53,400 at South Point, July 1, average would be 2, 590. 

6 Excluding agar count of 31, 900 at South Point "Aug. 13, average result would be 3,690. 

7 Excluding gelatin count of 24,000 at South Point Oct. 15, average result would be 2,490. 


ee 


ae, Re ns re 


BACTERIOLOGICAL STUDIES 191 


TaBLE No. 84.—Summary of bacteriological observations—Monthly means by 
. stations, with related data—Continued 


SAMPLING STATION 104—OHIO RIVER 14 MILES BELOW WHEELING 





Monthly means 





Baba Bacteria per 
Months | Dates of sample collections = Tem-| p; eae aaa 1 8: BOSS B. Coli 
ples pera- iver} Charge, | urbid-|————~{——_ : 
taken |ture, | Stage | (sec- | ity (p.| Goa. | a 
gar | ¢.c. 
oq’ | (feet)| ond- | p.m.) | “ 
pac or c,| Com | 
48 hours} hours 











; 1914 

May-:..-=-= Alternate, 8th-28th______. 9}16.4] 11.44) 55,700 7c een 414 72 
Bune... J... Ji Go 1k ae 13 | 23.3 | 16.1] 10,300 CN Reco nee & 2, 530 92 
nh ae Alternate, except 9th______ 11 | 24.8] 17.8 6, 630 7 | 1,640] 2,000 35 
MUSISt  °~< Alternate, except 25th_____ 12 | 23.9] 18.2 4, 650 26 | 2,500] 2.740 212 
September__| Alternate, except 19th_____ 12°} 20.3] 18.0 4, 500 23 | 1,520°| 1,000 49 
October___._ Alternate, 1st-15th_______- Ft WA PTS 2, 470 9] 3,720} 1,500 186 


SAMPLING STATION 348 (349)—OHIO RIVER, 6 MILES ABOVE PORTSMOUTH, OHIO? 





1914 
mentiarye mes) Daily 7 6! 6o 2 oes. 26 | 2.3} 18.51} 90,800 O60 esse 288 816 21 
February_.-| Daily, except 7th, 16th- 15} 1.9] 25.1 | 138, 000 121 | 12,500 993 51 
19th, 23d-26th. 

March.-____- Ly Da Ce ae eee 26} 3.21] 24.5 | 133, 000 115 | 8, 200 630 19 
Apritss2-=- Daily, except 6th, 9th_____- 24} 10.3} 34.3 | 210, 000 158 | 3,400) 1,060 33 
LC) as, Daily, except 8th, 30th-__-__- 24 | 17.0} 20.0} 101, 000 152 | 1,240 904 25 
ene... lo y pall Gy laren aoe 26.| 25. 5 5.8]. 17, 900 30 334 440 3 
Vinge ee (Ce OS. CS eee eae 26 | 26. 7 5.4] 16, 400 100 872} 1,290 29 
August ___-- Daily, except 18th___.___-- Dt Ded, 4.0] 11, 800 90 954 | 1,720 25 
September__} Daily, except 7th_.-_-_---- 25 |, 22.3 4.6} 13, 700 80 790 816 31 

20. 2 1.9 4, 440 21 522 836 32 


ctober__-_}. Daily, 1st-15th____-.+.22_- 13 
Jase SEPA Sa MGB AP" Ya! I SE a Se A vin SE 


SAMPLING STATION 355—OHIO RIVER, IMMEDIATELY BELOW PORTSMOUTH 
ABOVE MOUTH OF SCIOTO RIVER 


i | al ery bee pa 
1914 











Sanuarye.__| Daily 2222.5 /2-.202-..---.- 26| 2.3} 18.5] 90,800 i Re eS 870 22 
February..-| Daily, except 5th, 16th, 20| 1.5 25.1 | 138, 000 132 | 11,200 | 1,270 32 
18th, 23d. 
March_____- Tee. Chaat 2 oes oe 26 | 3.2 | 24.5 | 133,000 113 | 3 8, 060 745 22 
ie pril Pid oe Daily, except 6th_._...-_-- 25 | 10.6 | 34.3 | 210,000 152| 3,220] 1,080 32 
r 
F SAMPLING STATION—SCIOTO RIVER, AT MOUTH * 
: [River stage: U.S. Weather Bureau gage, Chillicothe, Ohio] 
| Soe Si: We eee ee ae eet 
. 
 - 1914 
OES See 2 | 2.3| 2.2 | 55,050 AD fo 2s 2, 130 32 
Bebrosry 2: Daily, except 7th, 16th- 191 1.6] 5.5 | 514,200 217-| 34, 600 | 4, 140 71 
18th, 23d. 
| 208 | 22,400 | 3, 060 37 
Bare De fp SRS 26 | 3.2 7.2 |519, 100 eat “i 
Daily, except 6th_--------- 25 | 12.2} 6.1 |517, 200 128 | 6, 
Daily, Fao 4th, 8th, 30th 93 | 18.6} 2.8 | 56,950 158 | 2,500] 1, 810 a 
Daily, except 13th__.-_---- 25 | 24.5 14} 51,000 91-| 1,980} 2,850 
i ee ae ee 26 | 25.6 | —.1 5730 64 | 1,940 | 3, 000 100 
Daily, except 18th, 3ist-...| 24 | 24.8] —. 1 £960 174 4, 120 11, 400 182 
ptember _| Daily, except 7th, 24th---- 24 hs Bi ee + 3, 800 7 ba ee 










Dam No. 13), June 14-Oct. 15. 


mage in backwater (pool stage, pril, 1914, and designation changed from 348 to 349. Samples from 


; ee antl Ber oer anart m mid-depth 

Reise: wish gelatin eoont (0% 1 i itted in calculating average, and 
4 i i i t (94,000) at South Point, March 9, omi t 
scorns Bea ated Including this result, average for month would be 9,290. Samples 


om surface. -depth, in midstream. 


' peo les from a single point; at mid 

$ eters coerclained gelatin count (61,300) of Aug. 11, omitted in calculating average. Including 
rage would be 6,920. 

7 Meee canscaliy high agar count (51,700) of Oct. 8, average for month would be 4,180 
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Tastz No. 84.—Summary of bacteriological. observations— Monthly means by 
stations, with related data—Continued 


SAMPLING STATION (360), 358 1 
[River stage: U.S. Weather Bureau gage, Portsmouth, Ohio] 








Monthly means 
: Total Bacteria per 
days : c.¢), on 
Months | Dates of sample collections | sam- | Tem- Dis- B. Coli 


ples | pera- beg by eyed 
taken | ture, | Stage sec- | lly \D-| Gela- | Agar | c.c. 
°C, | (feet) tay P-™.) | tin at | at 37° | (est.) 
20°-G:, ey 24 

48 hours} hours 


| ef | | | ef EF ee, 


1914 
JaNnUAaryi_e.~| a ally.>—5..5 0... 45-3 26} 23) 185] 95,800 BS, Dn pe caches 1, 080 18 
February.__| Daily, 2d-28th, except 5th, 14] 17] 25.1 | 152, 200 174 | 14,400 | 1,460 48 

7th, 16th-18th, 23d-26th. 
March_}___- BBY \\h cateiely umes tu se te ad 26} 3.2] 24.5} 152,100 130 | 11,100 | 1,040 19 
Aprii-—-2- Daily, except 6th, 9th, 19 | 10.9 | 34.3 | 227, 200 163 | 4,000} 1,310 33 
10th, 15th-17th, 29th. 
i Mp Daily, except 4th, 8th, 30th 23 | 17.3 | 20.0 | 108, 000 157 | 1,670 895 23 
i hin? che ates Sad Daily, except 13th....___-- 25.| 25.3 5.8 | 18,900 34 424 550 18 
Julyiesgc2 Dail Seducch serio cos 26 | 26.6 5.4} 17,100 79 810 | 1, 230 28 
August. ..- Daily, except 18th__._____- 25 | 26.6 4.0 | 12,800 118 | 2 1, 600 | 2 2, 680 39 
September - er except 7th, 8th, 23d, 23") 2251 4.6] 14,500 89 | 31,100 | 31,330 25 
24th. ; 
October. __.| Daily, 1st-15th__..-__..-_. 13 | 20.0 1.9 4, 930 24 720} 1,290 22 


SAMPLING STATION 461—OHIO RIVER ABOVE CINCINNATI, 1 MILE ABOVE MOUTH 
OF LITTLE MIAMI ; 


[River stages at Dam 37, lower gage. Gage heights designated (*) indicate that dam was raised during - 
a part or whole of the month forming pool above] 





1914 
January ----| Daily, 5th-3ist, except 20th 23} 2.2} 17.3). 94,900 95 | 19, 900 440 17 
February-.-| Daily, except 7th, 12th, 13] 2.9] 25.3 | 156, 100 208 | 19,500 | 1,360 50 | 
16th-20th, 23d, 25th-27th. 
March..__-- Daily, 4th-3lst, except 16} 3. 24.0 | 147, 700 155 | 18, 900 854 20 
lith, 13th, 14th, 17th- 
19th, 23d, 28th. 
Aprils) Ss ‘A ltermatet | S0t) | Awe 14} 9.9] 32.7 | 287, 100 187 | 4,620 690 26 
WSy ce. bicst Alternate, except 8th, 20th. 10 | 17.6} 19.9 | 120, 200 138 | 2,450 390 19 
Jone... os) Alternate, except 30th____- 12 | 26.2] *5.3) 19,800 42 220 190 i 
SU cc Alternate, except 20th____- 13 | 27.1 | *4.9] 18,700 22 4 320 400 7 
August ____- SANPOT TAL ise tee 2 ok ae 13 | 26.4; *3.71] 13,900 145 | 1,200] 1,260 AF 
September -| Twice weekly______..__-.. 8 | 22.1} *4.4] 17,100 153 500 | 1,280 20 
October -_-_.-\ 1st-15th, except 7th____._- 6} 20.1) *41.2 7, 210 850 | 1,370 il 
| La eg ee al except 7th, 21st, 107) 38.0.) e577} 12.700 109 806 | 3,270 61 
November-.-} Alternate........--....... 1S» te Cat Ba) LL 200 14 130 120 2 
December -.| Daily, Ist-21st_.......__.- 18| 4.7] 15.2] 81,100 283 | 4,560 | 3,630 107 
1915 P 
January: sau} Dailivu, sucess lel eves 25] 1.2] 26.2 171,900 213 | 18,900 | 3, 420 41 
February-__| Daily, except Ist, 6th, 22d_- 21| 2.7] 31.9 | 223, 000 151 | 10,000} 1,350 51 
March___._- Daily, except 12th, 16th___ 25} 3:9) 15.4] 79,400 80 | 6,640 560 19 
April... ae Dallas. 2.1203 2.4 are Se 26 | 12.3} *9.6) 40,000 24 944 | 5 160 5 
May... .<..| Daily, except 3lst....___-_ 25 | 19.0 |*11.3] 50,900 45 | 2,930) 1,530 72 
June... -) 472 Wail¥eer | so... Lanny 26 | 22.2 |*13.9]| 69, 500 281 | 4,760} 2,110 49 
July ..-Ligd| Daily, sexcephabth __Lge- 2. 26 | 24.9|*14.2)| 66,300 369 | 6,850} 8,840 127 
August __._. Dail: 9 2! ptr. .--L aes. 26 | 24.0}*11.6} 50, 200 172 | 4,780] 3,150 121 
September -| Daily, except 6th_......_.. 25 | 22.2 )* 10.3 | 48, 200 160 | 3,790} 2,300 66 
Qetober t 25} WDailane od ope. + eel 26 | 16.0 |* 13.0] 66, 200 157 | 4,400} 2,000 65 | 
November-_-| Daily, except 25th_..._._. 25 | 10.0] 11.01) 53, 200 89 | 6,630} 2,080 41 
2.9-)  21,.4-+ 125, 000 182 | 18,900 | 2,420 23 


December -- ibe except 17th, 24th, 24 
25th. 


1 Samples from surface until May 1; thereafter from mid-depth, at accurately located points. Location 
and designation of station changed from 360 to 358 May 1. . 

2 Excessive and unexplained gelatin (103,400) and agar (133,500) counts at Center Point Aug. 28, omitted. 

3 Exclusive of excessive and unexplained gelatin (10,150) and agar (12,600) counts at North Point Sept. 11 
monthly averages would be gelatin count 1,100, agar count 1,330. ] 

4 Excessive gelatin count (6,170) at one point on section July 24, excluded from average. Including this 
result, average for month would be 464. é 

5 Excessive agar count (3,400) at one point on section Apr. 22, excluded from average. Including this. 
result, average for month would be 200. 
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TaBLeE No. 84.—Summary of bacteriological observations—Monthly means by 
stations, with related data—Continued 
SAMPLING STATION 461—-OHIO RIVER ABOVE CINCINNAT | 
ON LAVIEE MIA MES Gentine ET aoe ee 
cl an slong che te he de cela a 





Monthly means 
Total ; 
days Bacteria per . 
Months_| Dates of sample collections | sam- | pem.-| .. Dis- cdots, 
ples | pera- | River | charge, |Turbid- -B. Coli 
taken | ture, | Stage (sec- |ity (p.| Gela- | Agar geek 
° Cc. (feet) | ond- | p.m.) | tinat | at 37° pa § 
feet) 26.1 C., 24 | (est-) 
48 hours} hours 
1916 ‘ 
January -.-- Daily, Beolstes ues Ld 25 3.2 | 37.8 | 273, 500 235 | 29,400 | 2,940 25 
Pebruaryesspmaiyao 2h be 24 | 3.31} 30.3 | 204, 000 207 | 20, 500} 1,850 27 
March B: Rea) Me WE Be. ee ee 27 | 3.7] 28.4 | 189, 000 329 | 33,800 | 2, 560 19 
eeprite---.-2|-- 1 LPP ofa (gine Apeatone Desiabea a gs 25.| 9.8] 28.5 | 198, 000 107 | 9, 080 704 19 
Bee) alenst ~ Oe See ey Se aaa | 26 | 17.2 16.9 | 92, 700 123 | 3,010 660 12 
MUNG Hews | $2.5 2 EES Oa as 26 | 20.9 | 18.4 | 101, 000 306 | 5,850} 2,190 61 
oily ob. Alternate days__.__-_____- 13 | 26.3 |* 10.1] 46, 100 183 914 949 11 
August _....|....- «EST ee Peas 13 | 26.1] *9.8]| 43, 100 506 | 3,440] 3,090 34 
September -_|__-_- Oho chk ga ae aan 12°} 22.2 | * 4. 8:| 117, 400 38 858 661 3 
October _=:_}.---- MO ee oe Ge a! i | 13 | 14.9] *6.6)} 28, 400 51 999 1, 160 13 
November--|_---- a SR aS Fs 13} 9.0|].*4.7 1} 17,800 19 783 477 5 
December--_| Alternate, except 20th-27th 9| 4.3%) 12.1] 56,300 118 | 13,500 | 1,100 60 


[River stages at U. S. P. H. S. gage at Plainville, Ohio. 
of prior gage heights] 


SAMPLING STATION LITTLE MIAMI RIVER 


Gage established in July, 1914. No records 





1914 
January -___- tly 5th-31st, except 
th. 
February-__-| Daily, 2d-13th, except 7th, 
also 21st, 24th, 28th. 
March....-- Daily, except 1st-3d, 11th, 
13th, 14th, 17th, 19th, 
23d, 28th. 
April = is =. Alternate, except 20th____- 
ayst Te Alternate, 4th-25th, ex- 
cept 8th, 20th. 
UNG S3 5 =: Alternate, 12th-29th_-____- 
i ees AtPeEnote 23.2 == $i. 2} 
«SPP Ry ARES Go Ft ap a ilar 
September__} Alternate, exeept 7th.___-- 
October ____| Alternate, Ist-15th--_.--.- 
Ostet te erm hss. - tuto 
November--|_---- 2 Yea Sane SLE Rite Saal 
December.-| Alternate, except 23d, 28th - 
1915 
January ....| Alternate, 8th-22d _----..-- 
February._.| Alternate, except 1st-22d -. 
March_-_..- Mlpammate! 521.2 SEE 2 
pApril ___ ou Alternate, except 9th__..-- 
May... J... MineriatGsies_..- 2<-22.26 
Tine. 4-__: Alternate, except 16th__--- 
uly ....ay2 Alternate, except 5th_.-_-- 
August _____ A ltermate. ive... -cie2i 
September..| Alternate, except 6th, 20th, 
, 27th. 
October_...| Alternate_.....-.--------- 
November..|----- Me. £5. 2a --_/ 602.3: 
December_-| Alternate, ist-l5th, also 
Tx, 20th, 22d, 27th, 31st. 
mc 1916 
January...) Alternate. --.------------- 
‘February---|----- ae Re bere Bee 
Miarch O02} 4: - =. Gen 9e:* SCb ._ 2 -bbS-6 - 
er pril. 2 --.2-. 2. (CE. ae eas 
May a fee: SSL eas 
MNOxsees2c; - Alternate, except 17th___-- 
eS Oh 
tdtercs Alternate, except 21st ----- 
ptember_.| Alternate, except 6th------ 
October___.} Alternate----------------- 
November--|__--- a SE. 
ecember__| Alternate, except 15th, 







ble figure. 


18th, 20th, 22d, 27th. 


1 Exclusive of result on a single day, 
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August 28th, average for months would be 127, which is a more prob- 
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Taste No. 84.—Summary of bacteriological observations—Monthly means by q 
stations, with related data—Continued 


SAMPLING STATION, LICKING RIVER AT LOUISVILLE & NASHVILLE RAILROAD : 
BRIDGE, LATONIA, KY., ABOUT 3 MILES ABOVE MOUTH 


[River stages at U. 8S. Weather Bureau gage, Falmouth, Ky] 





Total 
days 
Months | Dates of sample collections oa 
ples 
taken 
1914 
January ---. ssa 5th-3lst, except 23 
Februagy--- Daily, 2d-13th, except 7th, 13 
also 24th, 25th 28th. 
March._-_--- Daily, except ist-3d, 13th, 18 
14, 17th-19th, 28th. 
spril set Daily, except 2d, 7th, 18th. 23 
1 aa a Daily, except 30th.._..._.- 2 
SUBS. 22d Five days weekly, except 19 
6th, 9th. 
NS aa Daily, except 2d, 4th, 20th, 23 
August -____- Daily. except 13th, 20th, 23 
September__| Daily, except Ist, 7th, 9th, 20 
16th, 23d, 30th. 
October _ _-_- 1st-14th, except 7th, 8th___ 10 
DOA Daily, except 7th, 8th, 20 
15th-17th, 22d, 28th. 
November-_-_| Daily, except 9th, 12th 17 
14th, 17th, 19th, 20th, 
24th,-26th. 
December-_-_| Daily, except ist, 14th, 19 
16th, 2ist, 22d, 25th, 
28th 30th. 
1915 
January_-_-_| Daily, except 27th___.___- 24 
February_--_| Daily, except Ist, 2d, 22d_ 21 
March______ Si See ee ee ae 27 
8 9 | Sl | EM PLO Ae SE 26 
May ...---- Daily, except 31st __...._.- 25, 
ine. 4.25% Sir Uo on. uee ies Seed 26 
3) A td mane excepontns. 2.7.2.2 26 
‘Apenst.2 3) Ae ee 26 
September-- Daily, except 6th__._-.___. 25 
October..cs2|sDailye. sc) eu 26 
November.- Daily, except 25th__._____- 25 
December.-| Daily, except 24th, 25th __- 25 
1916 
January._uisn| (Dailye.2o_b sean bee 24 
February-__-|...-- ago} #02." 2 gaa es 22 
March_____- Alternate days_......-._-- 14 
ADP de ol ee 0.1482 (28 Bee eS 12 
May ’.._eatl gnu de. gi. wel 2... es £: 14 
JUNE... Gas | Aras "CEE ae 0 a CFT 13 
duly... 4_o2 Alternate days, except 7th_ 11 
August ____- Alternate days._._..--...- 13 
September--|__--- OMe Pe] oe eR 12 
October_.._|_-.-- MO. oF tree 2) oe re 13 
November._|_..._ Me 4b eer. | Gis ee 13 
December. -|.---_ do 23. 2et. 4 Oe! 12 


Bacteria per 


> 


Pate - oecete 


Ses tet Sees 


ee Fe 





ce. c. on— 
Gela- | Agar 
tin at | at 37° 
We Ci Cy, 24 
48 hours} hours 
18,100 | 1,960 
24, 500 | 1,840 
15, 500 | 2,100 
3,830 | 1,370 
4, 890 | 2,600 
14, 100 | 18,900 
4,770 | 4,320 
210,800} 9,700 
3, 680 | 4, 600 
8, 220 | 8, 630 
4,950 | 5,550 
8,370 | 2, 080 


16, 700 | 13, 950 


Monthly means 
BH oxen 
em- charge, 2 
pera-| Stage | See"  |ity Cp, 
° (feet) feet) p.m.) 
3.2 3.7 3, 370 189 
3.8 8.1 13, 200 381 
5.4 5.5 6, 830 215 
13.2 5.0 5, 670 188 
19. 4 3.9 4, 000 206 
27.6 2.0 1, 030 391 
29.3 12. 110 63 
y+ Ny 1.8 740 458 
22. 5 1,4 230 340 
19.3 ra § 960 178 
16. 6 aa 3, 600 201 
7.6 1.5 228 42 
bt ses 5.2 6, 100 275 
fd ae 6.7 9, 260 299 
Ey re 6.8 | 10,640 124 
Bes Nips 4.1 4, 210 148 
eee pe 1, 360 161 
BS \e et 4,2 4, 500 1, 760 
Bae &] 4.0 3, 960 1, 450 
Dea oes 5.4 7,370 982 
Brest 3.2 2, 580 660 
Be ees 2.3 1, 260 206 
ae 3/3 2, 860 124 
Bie -e | 3.8 4, 430 135 
SlAk 9. 4 16, 840 225 
sat ARS 9.9 18, 600 477 
ook 8.1 12, 540 300 
Pe Bee Be 27 9, 890 448 
eae 4.3 5, 374 72 
_ feted 2.8 2, 226 121 
es pe 5.2 6, 233 485 
Bi ee 1.9 797 95 
e. Fe 3.0 2, 194 895 
pr. Sh we 18 994 481 
By ee! a7 704 243 
BBs 1.6 340 99 
ie 4.8 5, 644 428 


1 Excessive agar count (225,000) of June 1 excluded from average. 
month would be 19,700. 


2 Excessive gelatin count (342,000) of Aug. 4 omitted. Inclusive of this result, average for month would 


be 25,800 


3 Exclusive of result on one day, July 3, average for month would be 234, which is amore probable figure. 


20, 400 | 7,760 
14,100] 2,140 
6,710°| 1,040 
1,650} 417 
22, 300 | 14, 900 
16, 700 | 14, 200 
24, 100 | 16, 700 
21, 500 | 14, 000 
14; 600 | 12, 900 
6,900 | 4, 000 
15,100] 9,340 
17,500 | 5, 400 
32,900 | 4, 800 
22, 600 | 3, 600 
25,100 | 5, 200 
000} 1, 400 
5, 400 | 2, 200 
13, 000} 7, 500 
4,344 | 2,400 
12, 400 | 10, 800 
16, 200 | 9, 600 
24, 100 | 23, 700 
2,800 | 2, 000 
26, 600 | 9, 500 


Including this result, average for 


_ 
mE 
Pe ee ly Pe 
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Taste No. 84.—Summary of bacteriological observations—M onthly means by 
stations, with related data—Continued 


SAMPLING STATION (474)475—OHIO RIVER IMMEDIATELY BELOW CINCINNATI 


River stages at Dam 37, lower gage. Gage heights designated (*) indicate that dam was raised during 
a part or whole of month, forming pool above] 





























Monthly means 
Total Bacteria per 
. 1 11 ; days Dis- c..¢..00— , 
Months | Dates ofsample collections ee? Tem pei charge, eae B - Cal 
taken | ture, pens ond- ang Gela- | Agar | ¢.c. 
2 Oe (feet) feet) P tin at | at 37° | (est.) 
20° C., | C., 24 
48 hours} hours 
1914 
ry-.--| Daily, except 30th____.___- 25| 211] 17.3] 99,700| ° 106 | 26,600 | 3,080 131 
weethag Daily eat 7th, 12th, 14 | 2.8] 25.3 | 178, 000 245 | 20,850 | 1,820 166 
16th, 20th, 23d, 26th, 
27th. 
March_____- Daily, except ond 3d, soins 19 | 3.3 | 24.0 | 160, 000 174 | 22,700 | 3,480 136 - 
14th, 17th, 18th, 28 
April. ._...- Daily, except 2d____-..--_- 25 | 10.5 | 32.7 | 248, 000 171 | 11,600 | 4,350 135 
May__------ Daily, except 30th__...___- 25|17.1| 19.9 | 126,000 160 | 16,000 | 28, 000 188 
June____-- *"| Daily, except 4th, 9th, 92 | 26.2| *5.3| 21,000 127 |121, 000 |237,000 | 2, 930 
18th, 25th 
Rabat icr ane Daily, except 2d, 4th, 20th, 23 | 27.31 *4.9 |} 19,000 25 |100, 700 |147,000 | 6, 190 
23d. 
| 261} 26.31 *3.7| 15,200 199 |1131,000 |262, 000 | 9, 410 
Stembert Daily, axcept 7th..........| 24| 226] *44] 17,500 94 | 95,700 {170,000 | 5, 190 
See got Daily, op fl meh 13 | 20.6] *1.2] 8,410 28 |177, 000 |350, 000 | 7, 230 
oe een 4 Baie on Vensr-aso-""1 7 | aig | #37]. 16, 900 163 |116, 000 |203,000 | 3,970 
November_- Daily, except 16th, 17th, 22| 8.31 *281} 11,800 17 |248, 000 |198, 000 | 3, 150 
6th. 
December -- Daily, Ist-19th, and 30th..| 18] 4.7] 15.2] 88,200 337 | 52, 700 | 25, 700 923 
1915 a 
2 | 183, 800 244 | 14,900 | 3, 120 
Meiar teetry 4... 2). .s.xicbs-5---- by ae 2 : 
Ce NN Daily, except Ist, 2d, 6th, 18 | 3.3} 31.9 | 245, 100 143 | 13,800 | 1,820 186 
; 8th, 11th, 22 a <a 
27 | 4.5| 15.4| 84,200 90 | 12,350 | 2 
ope eee . i aeeenee 25 | 124 | *0.6| 41,600 | 26 | 68,400 | 94,100 | 1,000 
Seat Ppaily. axcopt gist... 8 | *11.3 d . : ; 
Na pee ik Gabe ad sed 33 oe *13.9 | 74, 800 413 | 23,700 | 27,800} 1,320 
a ay ae Daily except 5th_..--..--- 26 | 24.9 | *14.2| 75, 200 642 45, 900 8, 300 3, 300 
ast | ck : eT] «26 | 241] *11.6 | 54, 800 4 ; ; 
RCO | ate Beet ete aan ett * 52,100 | 174 | 44,900 | 60,300] 1,380 
aarti Daily, ERE D--1 206 8 a ina i 0 70, 400 169 | 42, 300 | 39, 200 567 
nee Da iy “xcept 19th, 25th...| 24. | 10.4 | *11.0]| 58, 600 96 | 97, 100 | 72, 700 819 
Reenten’ c Daily, ekcour 23d, 24th, o4| 3.1| 21.4 | 149,000] — 211 | 27,200 | 5, 930 
“ 25th. 
- 1916 277 | 25,200 | 3, 800 117 
| 94] 3.7 37.8 | 304, 000 ‘ ; 
epi) aye ee 2 | 4) 3 | 2aoo0 | 384 | ass a00 | 3900) 25 
| ae ar 2 0.9 58.5 207, 000 105 | 11,100 | 4, 600 118 
14117.7| 16.9 | 96,800 146 | 26, 000 | 27, 500 601 
13 | 21.0| 18.4 | 109,000 339 | 19,800 | 27, 200 617 
13. | 26.3 | *10.1| 47, 200 222 | 64,700 | 86,700] 1,037 
13 | 26.1] *9.8| 45,600 503 | 47,400 | 74,200| 1,313 
12| 22.2] *4.8| 18, 700 65 |170, 100 |151,900 | 2, 300 
15.6} *5.6| 24, 200 78 |194, 400 |216,100| 5, 689 
13 | 903 | *47 | 18,200 18 |144, 800 |102,200| 4,710 
% OG *12.1| 63, 600 153 | 34,600 | 12, 300 317 





\ 1 Excessive gelatin count (5,500,000) of Aug. 4omitted. Inclusive of this result, average for month would 
x x ? ? 


e000, 
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TaBLE No. 84.—Summary of bacteriological observations—Monthly means by 


stations, with related data—Continued 


' 


; 
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cage hs 


ORs 


SAMPLING STATION 482—OHIO RIVER, } MILE BELOW DAM NO. 37 (FERNBANK) 


[ River stages at Dam 37, lower gage. Gage heights designated (*) indicate that dam was raised during 
a part or whole of the month forming pool above] 





Total 


days 
Months | Dates of sample collections | sam- 
ples 

1914 
January --_--| Daily, except 20th________- 25 


February_..| Daily, except 7th, 12th, 14 
16th-20th, 23d, 26th, 


27th. 
March_____- Daily, except 2d, 3d, 13th, 19 
14th, 17th, 18th, 28th. 
hoy hp Daily, except 2d___.-_____- 25 
ERY 2 oe Daily, except 30th_________ 25 
June. 2.) Sve vary? except 4th, 11th, 23 
vy... Daily, except 2d, 4th, 20th, 22 
23d, 30th. ; 
mUpust: Set bape except 6th, 13th, 23 


September__| Daily, except ist, 7th, 20 
9th, 16th, 23d, 30th. 


October____- Daily, 1st-15th, except 7th, ll 
14th. 
October____- Daily, except 7th, 14th, 22 


16th, 21st, 30th. 








November_-| Daily, except 13th, 16th, 20 
17th, 20th, 26th. 
December --| Daily, 1st-19th, except 2d, 17 
and 30th. 
1915 
January ----| Daily, except 28th_.____._- 24 
February--_-| Daily, except 1st, 2d, 6th, 19 
llth, 22d. 
March._-_-__- Dairy: > | we ae 27 
cht Alpe Bd S58 Ss (ly i aa Be IRR oh 26 
May...2.» Daily, except 31st________- 25 
tine... [ve ayo eee Lee eee 26 
willy 2 vee Daily, except 5th___._____- 26 
August --__- Daily, except 4th_________- 25 
September__} Daily, except 6th__..______ 25 
October____- Bl eae My ee deareig wien a 26 
November_-| Daily, except 19th, 25th__- 24 
December --| Daily, except 24th, 25th -__ 25 
1916 
January; roe ally + seston oc done ee 24 
February-_-_|._--- ce a  R Dy pe 24 
March..--_-_- Alternate days......----__ 14 
Are _ 5s ree UMS A 8 ee te eee 12 
IVER 1 SC eas fo (ae he phe ARR hy gS pd 14 
ba ai eS Cie Se. ae 13 
POLY o. 1 beens Os eee ee ee a 13 
Wagust JVs ihe A a Eo MUN Boy Ah pe 2 13 
September-_|-_-_-- 21 ORS @ wrt penee epee 3 12 
OCtonen ooo ook C8 (AE an, tent lpg ae Leh 12 
ET QUCHION ola naa Ue ccaddeatcasncaceccak 13 
December - - Seon cath Ist-18th, and 8 





1 Excessive agar count (45,800) of Mar. 27 omitted. Including this result, average for month would be 


4,020 


Monthly means 
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Dis- 
charge, 


99, 700 
173, 000 
160, 000 
248, 000 
126, 000 

21, 000 

19, 000 

15, 200 

17, 500 

8, 410 

16, 900 

11, 800 

88, 200 


183, 800 
245, 100 


41, 600 


Turbid: 

ity (P-| Gela- | Agar | c¢.c. 

tin at | at 37° | (est.) 

20° C., | C., 24 | 
48 hours| hours | 


p. m.) 


97 
250 


176 
160 


174 
102 


173 


47 


158 


57,900 | 82,700 | 2, 420 


Bacteria per 
¢c. c. on— 
B. Coli 


per 


19,800 | 1, 560 65 
21, 700 | 11,570 114 
10,600 | 5,000 182 
17, 700 | 20, 200 251 
67, 500 | 91,800} 1,220 





21,000 | 41,100} 1,120 
27,400 | 70,700 | 2,590 
15,700 | 27,400 455 
38,400 | 48,900} 1,500 
102, 000 | 67,700 | 1,480 
44, 600 | 14, 800 177 
14,700 | 2, 640 114 
12,900 | 1,550 139 
8,580 | 1, 160 65 
59, 100 | 53,300 868 
49, 600 | 54,100 | 1, 860 
25, 300 | 24,900 | 1; 440 
33, 800 | 37,700 | 1,760 
85, 300 | 35,400] 1; 100 
50, 100 | 56,700 | 1, 850 
76, 400 | 70,900 | 1,320 
121, 000 | 88,700 | 1,090 
25,500 | 4, 220 il 
25,800 | 3, 900 112 
13,800 | 2 900 123 
27,100 | 3, 700 132 
11, 500 | 5, 200 78 
29, 200 | 30, 400 586 
18, 800 | 20, 100 326 
48, 600 | 63, 600 742 
61, 200 | 97,350 | 2,097 
114, 000 |142; 200 | 3, 100 
96,000 | 98,100 | 4, 797 
178, 250 118,700 | 1, 595 
25,800 | 8, 640 139 


td 


a. a ed 
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ABLE No. 84.—Summary of bacteriological observations—Monthly means by 
stations, with related data—Continued 


SAMPLING STATION 488—OHIO RIVER JUST ABOVE MOUTH OF MIAMI RIVER 


iver stages at Dam No. 37, lower gage. Gage heights designated (*) indicate that dam was raised 
during a part or whole of the month, forming pool above] 


Monthly means 








| 
Total | Bacteria per 
oS ; days Dis- c. C. On— , 
onths | Dates of sample collections | sam- | Tem-| iver charge, |Turbid--—— B. Coli 
A ere, | Stage | (sec- | ity (p.| Gela- 
aken | ture, (feet) xela: Agar Cc. C. 
a 6 





—_———————— | | | | | 











1914 
up eae Reid Alternate, 7th-30th..._...- 11 | 10.9 32.7 | 248, 000 129 | 10,300 | 4,940 67 
“Ae Cees Alternate, except 30th_-_--- 12 | 17.0 19.9 | 126, 000 172 | 22,000 | 24, 900 375 
mos.) hoe Twice weekly_...._.-.---- 9 | 25.6 | *5.3 | 21,000 63 | 54,000 | 50, 800 1, 330 
ys ene Alternate, 7th-28th, except 9 | 27.2) *4.9 | 19,000 26 | 19,700 | 29, 900 1,770 
1 23d. 
neust..-~_ Twice weekl lus 27th-- 10 | 25.9 | *3.7] 15, 200 125 | 15, 300 | 29, 800 393 
iemibee Alternate, 3d 26th... 11 | 223| *4.4]| 17,500 86 | 21,000 | 50,800} 2,550 
ctober._--| Alternate, Ist-15th____.--- 2) SE Mie 8, 410 27'| 9,810 | 10, 500 309 
PeODREe ot Albernate. 2a. 2 2. s 14.| 17.4) *3.7] '16,900 121 | 27,300 | 27, 900 929 
fovember..| Alternate, except 17th-26th 10| 86] *2.8] 11,800 13 |129, 300 | 79,300 1, 600 
ecember -__| Daily, Ist-19th, except 2d, 14] 4.9] 15.2] 88,200 323 | 84,900 | 45, 400 162 
4 9th, 16th. 
1915 
nuary_.--| Daily, except Wednesday - 20| 1.4| 26.2] 183,800 268 | 16,300 | 2,630 ili 
Bomnery oe Daily, atbelst Wednesday 15 | 3.2] 31.9 | 245, 100 138 | 12,400 | 1, 250 70 
and Ist, 2d, 6th, 11th. : 
i 3 22! 4.5 | 15.4] 84,200 93 | 9,520] 1,470 70 
ar moe Sha seta aly mihi 22 | 12.0! .*9.6| 41,600 26 | 87,300 | 78, 400 946 
lay...221| Daily, except Wednedsay | 21 | 19.0.| *11.3 | 56,000 | — 310 | 51, 200 | 58,400 | 1, 230 
and 8ist. 
_...----| Daily, except Wednesday. 22 | 22.3 | *13.9 | 74,800 430 | 33, 100 | 35, 900 1, 200 
fay. EE, Beas Daily, rect Wednesday 22 | 25.0 | *14.2 | 75, 200 632 | 40,000 | 42, 200 1, 470 
and 5th. é ke ot P80 
(bd Mangan Daily, except Wednesday - 22 | 23.9 | *11.6| 54,800 961 | 64, 800 | 54,5 ; 
aoe Daily, a Wednesday 20 | 22.6 | *10,3 | 52, 100 163 | 48, 200 | 54,900} 1,330 
and 5th. 
ar | Dalyvercent hah gt 81 u88| ae | Mek Se | Sea | a 
eae ay Cree E th | 25| 29} 21.4] 149,000] 198 | 22,800 | 4,180 |... 151 
1916 
37.8 27,000 | 3,620 125 
emai 38 30. 3 14,000 | 2,850 92 
Bee POM ca achat aad. 43| 284 27, 400 | 3, 600 74 
Bprch sce ony Bic al aaa 99 | 28.5 11, 600 | 5, 280 102 
pi ae 17.5 | 16.9 43, 800 | 37,200] Bag 
oe te a ee ca ie 18.4 
ee ee 3,1 | *10.1 60,000 | _ 767 
et Se a 25.9| *9.8 83,500 | 1, 880 
se SUSE i a ae 93,7| *4.8 49,000 | 1,470 
rob pried nga aaa na a 15.2| *5.6 54,100} 1,750 
eee 5 cd iia allenic 89| *4.7 118,000 | 3, 050 
November--|-.__- cc ee ea geen NE TT Sh 3.9 | *12.1 9, 680 230 


December..| Alternate, except 13th, 
| 20th, 22d, 27th. 
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TaBLE No. 84.—Summary of bacteriological observations—Monthly means b 
stations, with related data—Continued 5 
| : 


SAMPLING STATION, MIAMI RIVER—AT’MOUTH, IN MIDSTREAM % 


[Gage heights at Hamilton, Ohio, during 1914, at U.S. Geological Survey Gage (lower), thereafter at 
U.S. P. H. S. Gage (upper) ] ib 





Monthly means 





Total Bacteria per 
Months | Dates of sampl i ee Dis- eter | 
ple collections zing Tem-| River charge, |Turbid- B. Coli 
4, - “A 
P txleers tore stage | (sec- /ity (P.| Gola. Agar Ey ‘ 
oy, | (feet) “ie P-™-) | tin at | at 37° | (est. _ 
. 20° C., | C., 24 : 


48 hours} hours 


NOE n ee ee ee ee ee ee ee 


1914 
April: : a2 Alternate, 7th-30th__.....- 11 | 12.0 5.4] 14,300 78 | 19,700 | 4,480 131 
LE SRA cheney Alternate, 2d-26th________- It") 1775 3: 5 4, 430 109 | 15,400 | 2,790 33 
2 a al Twice weekly, 9th-30th ___ 7) 25.6 2.6 1, 240 74 | 1,380 933 2 
Wes ene moe Sears 7th-28th, except 8 | 25.4 2. 5 1, 000 233 | 3,080} 3,030 * 
: 4th-23d. 
August ____- Twice weekly, plus 27th.- 10 | 23.7 2.5 1, 270 565 | 11,700 | 11, 100 215 
September-_-_} Alternate, 8th-26th_______- 9] 19.5 2.4 840 72| 1,070} 1,690 125 
October_...}| Alternate days, 1st-15th___ 7118.3 21 650 54 | 1,320] 1,490 10 j 
Do:te2s AD PL Se iba Aetpaions Ree ee 14 | 16.1 2.5 1, 240 63 ,650 | 1,820 
November..| Alternate, except17th, 26th_ 10} 7.3 22 782 23 | 6,120} 1,570 14 
December-.-| Daily, except Wednesday 15.| 4.2 2.8 2, 160 37 | 14,000 | 7,800 255 
(1st-21st). ; 
1915 
January_.._| Daily, except Wednesday. Ahelr a0 4.3 3, 890 196 | 53, 200 | 13, 000 ¥ 
February-__-| Daily, except Wednesday 17| 4.1 6.4 | 17,760 124 | 37,500} 8,000 232 
and Ist, 2d, 22d. 3 
March._____- Daily, except Wednesday - 7 Ser 4.1 3, 030 39 | 11,500 | 2,370 33 
ye | a a CS RE RATES a ot 221144! 3.7 ; 41] 6,3 2, 300 13 
SS RS Bpslld Bahk 0 Dg Pao bo ee 21 | 17.8 3.9 2, 840 129 | 5,730] 3,240 23 ’ 
~ eds soals, Deo te Daily, except Wednesday 21.1 ane 4.4 4, 230 446 | 10, 300 | 10,970 203 
an 5 ; 
i bee bien 3 pai tf ps 9 22 | 23.6 5.6 | 11,300 992 | 28, 000 | 17, 200 410 
August ____- Daily, except Wednesday. 22 | 21.9 4.7 5, 440 444 | 54, 400 | 28, 700 791 
September-- iden 6 ErcePy Wednesday 20 | 20.8 4.8 6, 400 145 | 21, 400 | 14, 200 306 
and 6th. + 
October._.-} Daily, except 6th, 13th___- 24] 15.3 4.4 4, 630 118 | 23,800 | 8,370 212 ; 
November.-} Daily, except 19th, 25th__. 24] 8.8 4.1 3, 410 44 | 28,900 | 15, 700 213 
December--_| Daily, except 24th, 25th___ AT MS is 4.8 * 153 | 40,000 | 9,500 ll 
1916 ; 
Januarye = Aas eee a ce 24) 3.7 7.7 | 28, 240 432 | 85, 800 | 16, 400 233" 
February---|_---- 4 Fe Olea Meee Sa EY SP REE ye 5.7 | 13, 480 167 | 28, 000 } 11, 300 326m 
March.-___- Alternate days___.......-_- 14] 5.5 6.0 | 13, 620 337 | 51, 500 | 13, 300 ¢ 
po od at eg Fo sp (P vee eee oe ae 12 sick 6.1 7, 430 206 | 31,700 | 6,000 1153 
Fp AR Sate | she ith Spe ds By onadita ge Ree 14] 17.5 5.1 8, 064 205 | 19,300} 9, 800 183 
Bo a Ra aie FS 2 Ci Wa wy lias Es PEN, a 13 | 20.5 5.2 8, 592 323 | 19, 100 | 14, 200 128 
THY sos ee 1 NE IS PEED pel aa 13 | 25. 6 3.5 1, 450 97 1,900 | 2,200 20 
AUSUSE oie Eh eh a see TGS ZO aia 13 | 24.5 3. 4 1, 016 438 | 16, 400 | 11, 100 167 
September--|..--- (0 akin alee Deep lind Ar: Med 12 |°19.5 3. 4 1. 102 71 | 11,600} 3,800 15 
October__._| Alternate, except 20th____- 12 | 13.6 3. 2 666} ° 12) 1,600] 1,900 38 
November.-_} Alternate days___._..--_.. 13,| °7..6 3. 2 562 11 | 26,600 | 2,900 2h 
tel ee 3.4 1, 425 49 | 35,600 | 5, 200 34 


December.-} Alternate days, except 


’ 
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ABLE No. 84.—Summary of bacteriological observations—Monthly means by 
stations, with related data—Continued 


AMPLING STATION 492—OHIO RIVER, 3 MILES BELOW MOUTH OF MIAMI RIVER 


tiver stages at Dam No. 37, lower gage. Gage heights designated (*) indicate that dam was raised 
: during a part or whole of the month, forming pool above] 


Monthly means 
Total Bacteria per 
el Pyntes or sanipte coticctions | sone ae bad hee ys ee 
Mont ates of sample collections | sam- | Tem-| _.. charge , . Coli 
ples pera- River (sec- ? |Turbid- per 


taken | ture, | St88°| ona- | iY -| Gela- | Agar | c.c. 
2! | fleet) | feet) | P+ ™- tin at | at 37° | (est.) 
20° C., Ke 












1914 
WWit cto: Alternate, 7th-30th_______- 11| 105] 32.7 | 262,300 148 | 13,000 | 7,440 83 
faye Miterhate 220 Seo... 12|.16.9| 19.9 | 130, 400 186 | 7,130 | 39, 500 328 
me. ee. Twice weekly_-__---------- 9 | 25.0} *5.3] 22,200 47 | 41, 600 | 48, 900 530 
ss sean Alternate, 7th-28th, except 9| 26.5 | *4.9 , 000 95 | 18, 600 | 23,900 | 2,290 
23d. 
ugust____- Twice weekly, plus 27th .__| 10] 25.0{ *3.7]| 16,500 130 | 17, 600 | 39, 600 807 
stan bane Alternate, 3d-26th.___-__- 11 | 22.0] *4.4] 18,300 92 | 16, 400 | 40,600} 2, 390 
Yetober_..-| Alternate, 8th-15th_______- 4| 20.0) *1.2 9, 060 25 | 4,440) 6,130 92 
10. ofa Alternate, 8th-29th__._.__. 10|17.1| *3.7| 18,100 172 | 24, 000 | 24, 500 390 
Jovember._| Alternate, atten ay papigs 8} 8&5 4 *2.8] 12,600 12 1140, 00C | 85, 100 617 
17th, 24th, 26th. : 
Yecember - - Daily, except Wednesday 15} 46] 15.2| 90,400 301 | 80, 200 | 37, 400 296 
(Ast-2ist) . 
1915 
anuary.__.| Daily, except Wednesday- 21/ 1.3} 26.2 187,700 266 | 18,400 | 3,820 121 
Berane Daily, except Wednesday 17-| 3.2] 31.9 | 262, 900 143 | 16,000 | 2,040 227 
and 22d. 

i t Wednesday.| 22| 4.4] 15.4] 87,200 82| 9,110] 2,010 84 
=e | Unt hf eae : Pen: Y-| 59} 11.9| *9.6| 43,500 28 | 76,700 | 67, 700 660 
epee © 00. ax = lance 2 91 | 18.8 | *11.3} 58,800 328 | 43,800 | 47,500 | 1, 680 
le ir ae 22 | 22.3 | *13.9 | 79,000 387 | 34,100 | 34,400} 1, 580 
uly__..-...| Daily, except Wednesday 92 | 24.9 | *14.2| 86,500] 751 | 43,800 | 39,800 | 1, 400 
. an * 

i 64,200 | 1,570 
\ugust __--- Daily, except Wednesday - 22 | 23.9 | *11.6} 60, 200 332 | 73, 500 : ; 
tsthber Daily, except Wednesday | 20 | 22.3 | 10.3] 58,400] 185 | 42,200 | 44,600 | 1, 120 

and 6th.- 

: 175 | 61,900 | 43,400 | 1, 230 
ctober_...| Daily, except 6th, 13th_.-.| 24 | 16.5 | *13.0] 75,000 ‘ é ‘ 
Re vembet. Daily, except 19th, 20th, 23 | 10.3 ] *11.0; 62, 000 79 | 72,700 | 53, 500 905 

25th. 
December__| Daily, except 24th, 25th --- 25 | 2.8} 21.4 | 155, 600 198 | 25,000 | 4,870 239 
1916 
i _..| 24) 3.5] 37.8 | 332, 240 315 | 34,500 | 4,800 146 
Bg | deccegeenn] RYH) 3) BES] a | a] 
Met a Wiithnte dave. § | 5 ccs 14 4. 1 28. '? > 
Cate oy Maled A ernste See er 12} 9.8| 28.5 | 214, 430 #: 12, 900 i180 160 
ee SMe hd Siena Seay 17.5| 16.9 | 104, 864 5 
mf Bt ip sien tose ge i Sa a RR ea 3 20.8 | 18.4 | 117, 592 am 35, Be 7 a — 
Reese ae iiktsy Tair ih ol... a * ; 
> ide. On ie do. ..-----------=-+--+ 13 | 26.0) “105 | 4e616| 361 | 49;100 | 72,800} 2, 061 
osc) et ie ae 12| 21.3] *4.8| 19,802] 48 46, 500 | 39,000] 900 
or a See re .9| *5.6| 24, 866 ‘ ; 
ee eerie fe 12 | 7 | «7 | 18,762 | _ 16 |204, 500 |115, 500) 2) 836 
November. -|-- -cnatedaysexcept s0th,| - 9| 3.9| 121] 65,025 | — 160 | 33, 500 | 10, 800 293 


December - - 
‘| 22d, 27th. 
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Taste No. 84.—Summary of bacteriological observations—Monthly means 
stations, with related data—Continued 






SAMPLING STATION 543—OHIO RIVER AT CARROLLTON, KY., IMMEDIATELY ABOV } 
MOUTH OF KENTUCKY RIVER 


[River stages at Dam No. 37, lower gage (below Cincinnati). Sample collections begun Aug. 7, 1914, 
Samples were iced and shipped by express to Cincinnati for examination. Ordinarily received withi 
6 to 8 hours. Samples discarded when delayed in transit. Bacteriological results for this station are 











generally less reliable than for other stations, owing to less prompt examination of samples] , 
; 
Monthly means & 
a 
Total Bacteria per ; 
‘. , b Bi days Dis c. C. on— 
ths ates of sample collections | sam- r ; 
Mop 4 , ples bet River | charge, |Turbid- 


take stage (sec- .| ity (p. 4 
"| ture, | (feet) | ond- | p.m.) | ela | Agar, 


feet) 20° ., | ©., 24 
48 hours} hours 


pm ec fn | nn fn a a | fe 





1914 
August !____| Twice weekly, 7th-31st___- i ee “3.7 | T6,700' joe 1,700 | 2,860 
September__| Twice weekly___...------- oe “4.41 18,600 116 | 5,330! 8,900 
October.___| Twice weekly, lst-15th____ D | ESD |. cau See 7 530 544 

DoJ Est Twice weekly____..______- a eS *3.7 | 18, 400 98 | 4,950! 3,800 
November-_-_| Twice weekly, except 26th he eS *2.81 12,800 16 |13,900 | 3,150 
December--| Twice weekly, except 24th- MBS 15.2} 91,800 288 | 26,000 | 13, 200 

1915 
January ....| Twice weekly____...-___-- S11 es 26. 2 | 190, 500 206 | 17,200 | 2,280 
February---]-.-.- 0 J.3.nde he i ee se oe 31.9 | 266, 800 189 | 25,400 | 2,360 
Le aed ah ER i 10. Ge at ec Be oe 5 Save 15.4 | 88, 500 104 | 8,960) 1,370 
Wopril._ ae 3) M025 Ue a *9.6 | 44, 200 16 | 11,100 | 10, 300 
Miny.. |b se. DO. 3 Sek. LA ae 841i *11.3 | 59,700 236 | 28, 100 | 32, 000 
dane. <3 oS oe G62% ota oS eee D seve? *13.9 | 80, 200 374 | 16,800 | 15, 000 
Saily... 1020). 2 Ao tS. 1 AS ge Oo. _ ie *14.2| 87,800 410 |100, 000 | 58, 900 
August 2_W0i|s2 L- G0 45. ey 5 Li ee We *11.6 | 61,100 257 | 78, 300 | 47, 700 
September -| ‘Twice weekly, except 20th_ oh *10.3 | 59,300 201 | 96, 400 | 82, 900 
October__._| Twice weekly____-___-___- oe OE pe *13.0| 76, 100 153 | 21, 300 | 13, 900 
November-_| Twice weekly, except 29th- i Me *11.0| 62,900 115 | 39, 300 | 27, 000 
December--_| Twice weekly.........---- : ee oa 21.4 | 157, 900 178 | 21,300 | 4,030 

1916 ; 
January....| Alternate days_-_.....___- Ot neg 37.8 | 337, 200 364 | 38,400 | 6, 500 
February-_._| Every fourth day..-...--_- oy Oe 30. 3 | 237, 000 249 | 15,900 | 3,600 
March: 0a| Ja f- God). 8)! [RAR ae ee 28. 4 | 221, 900 276 | 23,300 | 3,400 
Apribss i... Every third day__.._-___- ae 28.5 | 217, 600 92 | 21,200} 4,800 
May-...-J.2 sas fourth day, except Ss Ma ie 16.9 | 106, 400 104 | 19, 100 | 18, 400 
nee fos Every third day_-_----_.-_- Oh ee 18.4 | 119, 400 340 | 27,310 | 19, 400 
Fuly...1 28 ahr rag day, except Oo. 526 *10.1 | 49,380 103 | 18, 800 | 31, 100 

, 31st. ' 
August -____- eae rag day, except 6+]. 262 *9.8 | 47,320 232 | 15,900 | 20, 400 
ls 

September_. Every third Gay, except G25 *4.8| 20,100 29 | 18,200 | 11, 200 35 
October~-_-_- Every fourth aay 26 Veet ol. Lee *5.6| 25, 230 32 | 10,200 | 8,100 189 
November-- Picts fourth day, except Si LAs *4.71 19,040 18 | 45, 300 | 18, 100 925 
December. -_| Every third day_____..-_- ae Bae *12.1 | 66,000 127 | 22,200 | 6, 200 57 


‘ fore eb gelatin count (71, 900) of Nov. 30 omitted. Including this result, average for month would 
e 


a ee 
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‘ABLE No. 84.—Summary of bacteriological observations—Monthly means by 
stations, with related data—Continued 


SAMPLING STATION, KENTUCKY RIVER, AT MOUTH, CARROLLTON, KY. 


tage heights at lower gage. Lock No.4, Frankfort, Ky. Date ofestablishing station and arrangements 
for examination of samples the same as at station No. 543. 

























See note Table A-30] 


Monthly means 


days 
Months | Dates of sample collections | sam- | pem-| .. D 
ples pera- River | cha 
taken | ture, (fee *) waif 
°C, e ona- 
feet) 
| 
Bia 
1914 . 
mgusto. 2a Twice weekly, 13th-31st___ id eae 6.7 1, 150 
eptember__| Twice weekly, except lith_ (Ey eee 6.9 1, 580 
\ctober_.__| Twice weekly, ist-l5th____ Bice oe 6.8 1, 220 
Doze fey Twice weekly 2:_---. 222-1 Ors 2s3 7.5 3, 850 
Jovember_.| Twice weekly, except 26th_ Sul ke 6. 4 343 
Yecember--_| Twice weekly, except 24th_ tg Page Stee 8.6 7, 320 
1915 
anuary.-_..| Twice weekly----..------- Tae eS 10.2 | 13,200 
‘ebruary---|----- Bs Sees, Se SH fo Cee sg 9.8 | 12,300 
Woanchet :- |. 2s. OG ca Ate ek Se Leia eS 8.6 7, 020 
nig oe es OR 8S A Se 1 es 7.3 2, 740 
eee | sD apes RS 0 BS Si 1G. 7.5 3, 760 
MAO MA 2232 GOT hc be... A Grp sats 8.1 5, 420 
By ees | Ay. -o. ES OT eS Gila" Be 9.3 9, 450 
BUCUISH =. tt. 2 3. ce’) Se Pee Fa Got ene 7.8 4, 280 
eptember..| Twice weekly, except 20th - Sls ho G1 2, 260 
Yctober_...| Twice weekly_-_----------- AR Oe 8.1 5, 300 
Jovember__| Twice weekly, except 29th_ Sh 8.3 7, 060 
Yecember _-| Twice weekly_-_-_---------- Nee 14.9 | 34,000 
1916. 
anuary.-._.| Every third day- --------- Oi Fb 12.2} 24,200 
february-_-|----- its ie 2 ae Sr ke 10.0} 12,120 
Maren. _t fch! 2: (ge. 2 Bt. 3 Re Oop. --42 9.9} 11,010 
epril. =<.) 434 aphet third day, except ha) Sea eth 8.6 7, 014 
24th. 
WESY..-4 4x2 Every third day; 25th | SR 7.3 2, 842 
sample broken. 
RING. + 43% Every foes day; 12th Sri at Bic 7.7 3, 674 
sample broken. 
au yd ay Every third day, except 58 yh Sn 6.9 1, 651 
6th, 27th. 
August ----- ayey fourth day, except ey ee 7.5 4, 7 
10th. 
3eptember_.| Every third day---------- a) a 6.6 
October....| Every fourth day, except Sif. 2.8. 6.7 1, 613 
16th. 
November..| Every fourth day --------- Silt. j28e 6.4 : 
December_.| Every third day - --------- Seo 75 i 





_ 1Excessive gelatin count (30,000) of Apr. 9 omitted. 


is- 
rge, |Turbid- 


ity (p. 
p.m 


Bacteria per 
c. c. on— 


Gela- 
tin at | at 37° 
2°'C., | C.,'24 
48 hours} hours 


Agar 


Total 


274 
151 


305 
124 


27 
357 


1,310 | 1,800 
860] 2, 630 
238 369 
550 | 1,340 
628 322 

15,500 | 4, 590 

8,400 | 1, 980 

17,700 | 2,330 

20,000 | 3, 240 
1900 | 343 
3, 2401 3, 590 

35, 000 | 29, 700 

86, 700 | 50, 900 

55, 400 | 44, 700 

56, 000 | 50, 000 

13,700 | 9, 760 
9,280 | 5,720 

24,400 | 6, 050 

43, 200 | 6, 800 

15,100 | 2,700 

12,100 | 3, 800 

16,800 | 8, 900 

25, 300 |. 16, 900 

45, 100 | 33, 000 

131, 300 |117, 700 

26, 900 | 13, 300 

44,000 | 45, 500 

28, 600 | 17, 000 

10, 100 | 3,400 

60, 200 | 6, 700 


352 


36 
16 


28 
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TaBLE No. 84.—Summary of bacteriological observations—Monthly means 
stations, with related data—Continued 






SAMPLING STATION 598—OHIO RIVER IMMEDIATELY ABOVE LOUISVILLE, OPP | 
SITE INTAKE FOR WATERWORKS 


[River stages at lower gage, Dam No. 41] ; 
Monthly means 





Total |. Bacteria per 
Months ° |TiSten ot saxiple cofldetialigl aan. Dis Is bisa | 
i * al 4 7 7 
onths ates of sample collections een ‘teen iver | charge, (Turbid- Yee 


taken | ture, | Stage | (sec-_ [ity (D-| qeja. Agar | c.c. 
oc. | (feet) eae) P.™ | tin at | at 37° | (est.) 

20° @ "| CO. f24 
48 hours} hours 


—_— | —_ | | |S | |S | 


1914 . 
January_...| Daily, 8th-30th, except 15| 2.0] 17.6] 108,000 TG 2S EN 1 2, 730 
Eta 19th, 22d, 24th, 
February ?__| 3d, 4th, 6th, 7th, 24th, 25th_ Gt. 3.2.1) 29? 1.) 231, 000 435 | 22,800 | 4,900 
March... 2x: Daily, 5th-3lst, except 14| 3.5] 26.4 | 192, 000 252 | 16,700 | 2,780 
6th, llth, 16th, 18th, 
21st, 23d, 28th. . 
April__,---- Da Festi 3d-12th, 16 | 10.3} 36.0 | 297, 000 167 | 3,830] 3,250 
25th, 29th. 
May. ..2 49% pails except 8th-12th, 20 | 17.6.| 21.4 | 147,000 145 | 3,050 | 2,780 
23rd. 
SUNG: 2 24 Dailgad 5-2 28 id Bee 26 | 25.3 6.9 | 28, 800 60 648 586 
Sely2 bay Daily, 1st-29th, except 4th_ 24 | 27.0 6.0} 23, 100 7 292 203 
August-_-_._- Daily, except 10th, 24th___ 24 | 26.0 5.1] 18,300 24} 2,140; 1,250 
September_.| Daily, except 7th, 9th, 22d_ 23 | 22.9 5.5 8 118 jk, 
October -..-| Daily, 1st-15th.___...--. 2 13 | 19.6 2.9 7, 510 6 215 318 
305d _ . Jy Dailgen 2: $2. eee 27 | 18.0 5.5 | 22, 400 73 | 1,040 700 
November-_-_| Daily, except 26th_________ 24 | 10.0 3.9] 12,300 ll 206 124 
December-_-| Daily, except Sth, 25th, 22) 40) 156 , 500 214 | 9,990 | 2,400 
‘ 26th, 30th, 3ist., 
1915 
January.-._-| Daily, 4th-30th._......-_. 24} 1.6] 29.1 | 221,600 267 | 13,800 | 2,780 
February_..| Daily, except 22d, 28th____ 23} 3.0] 36.4 | 309, 100 256 | 18,900} 2, 240 
March._-__- Dalliyoe 4). ose. eae Ss 27| 4.7| 16.4] 98,800 86 | 5,040 543 
ApH sc) oy Soi Git Get. Pane 26; 12.8; 10.0} 48,300 12 - 935 220 
May-.-----: Daily, except 3lst__...___. 257] 19.2.) 185 , 800 171 | 4,790 | 3,450 
Jtine. 2-3. _- BEC. tebe wn ee 2 dee 26 | 22.9] 15.8] 94,100 246 | 3,540] 3,220 
duly... ia Daily, except 5th__....___- 26 | 25.6 | 16.8 | 102, 500 314; 4,510} 4, 
August____- PGs 2528 ee cee 26 | 24.3 |. 12.4 | 66, 400 157 | 3,730] 2,810 
September-__} Daily, except 6th__..__.._- 25} 22.6} 11.7] 61,200 114} 2,900] 2, $0 
GVetober }. 3' Deas ee ee 26 | 16.5] 14.3} 85,100 146 | 4,600 | 3,070 
November.-_| Daily, except 25th__._____- 25 | 10.5} 12.6] 72,500 118 | 7,120 | 3,360 
December_=} Datl¥ic.28- focs ce aames 26 | 3.3] 25.4 | 201,000 293 | 30,100} 4,870 
1916 
Janvary J2> St avs otek be aseh apenas 25 | 4.2] 44.2 | 401, 000 364 | 35,500 |} 4,800 
February--_|_2--- CG Be Fe. EI 24} 3.61} 385.2 | 287,000 332 | 29,200 | 4, 200 
March..3. 24-24 ri toe on Oe Toe Aan oe 8 26 | 4.81] 30.6 | 233,000 451 | 32,200 | 4,000 
April..2 {00} 2-4 01.) A) Os 25 | 10.9} 31.7 | 258, 000 151 | 9,900} 2,000 
May...< 4-0 B82 i1dape. Ba Se. ae 26 | 18.6} 17.7 | 114,000 130} 6,300 | 2,800 
JHne. os to2 fe oes CS RRB ip Mi ig pet 26 | 21.4] 18.9 | 126, 000 357 | 12,200 | 4,800 
MMs Alternate days_.-_.-_-.--- 12+ 27.7} 11.1] 61,400 88 | 3,600; 4,100 
August...202247s 5 [5 eC a GA ike An See 14 | 28.7] 11.0] 58,000 216 | 2,700 | 5,100 
September-_-}_-_-_-_- COsJtoreshrsieesrevdc ze 13 | 24.6 6.5 | 25, 900 24 700 800 
Oete Der eh: ant WOO ecg be calg eet eee 13 | 17.9 6.8 | 27,800 33 833 800 
November.--|---_-- ef Veeder oe Ee Rec erie Saal seit ve: 13 | 12.6 5.7 | 21, 400 18 | 2,500 800 
December-_-_| Alternate except 19th, 
21st, 23d, 26th. 7.7 | 14.1] 71,000 235 | 25,400 | 4,500 


1 Irregular and incomplete agar counts of Jan. 15 excluded from average. Including these results aver- 
age would be 3,400. : 
2 Owing to severe weather and accidents interfering with boat service samples were taken at this station — 
on only six days during February. 
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am No. 84.—Summary of bacteriological observations— Monthly means by 
stations, with related data—Continued 


SAMPLING STATION 611—OHIO RIVER IMMEDIATELY BELOW LOU ; 
POLITAN DISTRICT W WOURN ILL R AEDES 


i {River stage refers to 7 a. m. readings at lower gage, Dam, No. 41, Louisville] 


: Monthly means 
Sr RNEn Ses) SAREE RS TIM I, Ry x 












































| Total Dt Bacteria per 

. : days 1s- c. C. on— x 

_ Months | Dates of sample collections | sam- |Tem-| py: charge, ; B. Coli 

1 pera- River (sec- Turbid- 

4 teen |ture, | Stage | og. | ity (p.| Gela- | Agar |. Per 

i ane og, | (eet) | feet) | P- m.) | tin at | at 37° (est.) 

z : DC od, aaa es 

q. 48 hours; hours 

a 1914 A 

January ----| Daily, except 3d, 5th, 7th 19 | 2.1] 17.6 | 108,000 2 Yi 3, 200 180 

: 14th, 19th, 26th, 31st.’ 

February-__-| Daily, 6th-7th, except 7th, 11). 4.2}. 29.1 |, 221,000 400 | 26,400 | 5,030 165 
10th, 13th, 14th, 16th, 

pe 19th, 23d, 25th. 

March_____-_ Daily, except 2d, 6th, 11th- 15 | 3.7] 26.4 | 192,000 257 | 22,200 | 3, 630 128 
14th, 19th--2ist, 24th, 

pe: 28th, 29th. 

April -____- z Daily except 7th, 8th, 23-| 10.5 | 36.0 | 297,000 215 | 8,030 | 2,860 133 

May... bis Daily, except 8th, 9th, 21 | 18.0-| 21.4 | 147, 000 166 | 5,530 | 3,890 233 
12th, 23d, 30th. 

une. __._ 5. Daily, except 2d-_._.-____- 25 | 25.9 6.9 | 28, 800 69 | 15,300 | 26, 300 255 

July. 22.-1:| Daily, except 30th____.___. 257) 2782 6. 0 | 23, 100 22} 8,820 }'10, 100 734 

August -____ Daily, except 10th, 25th__- 24 | 27.0 5.1 18, 300 34 | 34, 500 | 41, 000 971 

September-. ot except 7th, 22d, 23. | 22.9 5.5 | 20, 900 133 | 30, 700 | 30, 300 709 
28th. 

October --.-} Daily, 1st-15th, except 6th- 12 | 20.8 2.9 7, 510 11 | 78, 400 | 96, 200 1, 420 

__ Do---..| Daily, except 6th, 24th_...| 25 |181] 55 | 22,400 77 |146, 400 | 55, 800 798 

November-_| Daily, except 26th________- 24-; 9.9 3.9 | 12,300 12-| 21,300 |. 7,970 183 

December - -| Daily, except 9th, 25th, 23} 3.71} 15.6} 96,500 294 | 13,300} 3,350 56 

Bn 26th, 29th, 30th. 

January --__ ante sr orae, except 22-| 1.5 }- 29,1 | 221, 600 307 | 14,900 | 3, 150 52 

7th, 18th. 

February__- Daily, except 13th, 22d, 22} 3.3 | 36.4 | 309,100! ~ 269 | 18,200 | 2,290 41 
28th. 

March. __-._ NaH Ye ee 27 | 4.9 16.4 | 98, 800 | 100 | 5,540 617 23 

te ae Daily, except 26th, 27th___ 241.12.8), 10.0} 48,300 15 | 1,220 350 27 

SAMPLING STATION 619-17 MILES BELOW LOUISVILLE 
[River stage refers to 7 a. m. readings at lower gage, Dam No. 41, Louisville] 

7,194 1,4 3, 330 182 
March._.___ Daily, 5th-3ist, except 11 | 3.8 | 26.4 | 192, 000 285 | 21,400 | 3, 
Toth-21st, 23d, 27th, 28th 
4 19th-21s 
Aeoril oo 7 ‘Daily, except . 7th, i 8th, 23°) 10. 5 36. 0 | 297, 000 220 7, 870 | 2 2,880 175 

29th. 
May. eit et Read Daily, except 8th, 9th, 22 | 18.0} 21.4 | 147,000 179 | 8,860 | 5,600 223 
) d, 30th. 
: 50 | 52, 100 456 
June_...____| Daily, except 2d, 4th____-- 24 | 25.9 6.9 | 28, 800 71 | 35,8 ; 
July_--- =” Daily, except 4th, 30th-..-| 25] 27.2] 6.0 an Oe hE ee rere ners tena 
August -____ ey) except 10th, 28th, 23.| 27.1 5.1] 18,300. , , , 
29th. 
| ; 119 | 45, 400 | 42, 600 1, 380 
September__| Daily, except Ist, 7th, 22d 23 | 22.6] 5.5 | 20,900 ; , , 
October - - - - Daily, _Ist-15th, except TT 20,8 | Soeecae 7, 510 10 | 44, 700 | 71, 000 1, 240 
6th, 10th. 
Do..-.-| Daily, except 6th, 10th,} 24] 180] 5.5] 22,400 81 | 54,800 | 57, 900 755 
28th. ) 
November. Daly, except 2ist, 25th, 22,| 10.2} 3.9} 12,300 13 | 58,800; 4:26, 900 eas 
26t 


December - - Daily, except 10th-15th, - 18} 3.6} 15.6} 96,500 227 | 15,900} 3,600 141 
D>! 25th, 26th, 30th, 31st. 
1915 


13,900 | 2, 690 43 

i. ily, 4th-30th...-..----- 24} 1.6] 29.1 | 221,600] 306 | 13, : 

es Dai? Srewok i3th, 22d, |- 22| 3.3] 36.4 | 309,100} 261 | 18, 500 | -2, 460 34 

March ally. 40| 597 24 
De alla is ni als -hiso- fs)ai- 22 a7 | 4.9| 164} 98,800} 100] 6,1 

April......_ Daily, except 26th, 27th..-|. 24.| 128] 10.0} 48,300 19 | 8,590} 3,140 63 


egul i Sen? excluded from average. ; ad 
| emt pare 9 eam RE ov ap per from average. Including this result average for 


the month would be 3,260. 
95404°—247,——-15 
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TaBLE No. 84.—Summary of bacteriological observations—Monthly means by 
stations, with related data—Continued 


SAMPLING STATION 904—-OHIO RIVER, IMMEDIATELY ABOVE MOUTH OF CUM- 
BERLAND RIVER 


[River stage U. S. Weather Bureau gage, Paducah, Ky.] 





Monthly means 





Total Bacteria per 
3 days Dis- ¢: Cs On— 
Months _ | Dates of sample collections | sam- | Tem- River | Charee, |rurbia- B. Coli 


ples J ere 
taken tee, len ond- ed St Gela- | Agar = rs 
eG. feet) P-™-) | tin at | at 37° (est.) 

20° G;, | C.,, 24 

48 hours} hours 


— ee ee ee ee eee ee ee ee 


1914 
Way ot Alternate, 5th-29th, ex- 10 | 19.1} 18.5 | 210,000 2115] Lo, ste 924 19 
cept 9th, 25th. 
Jute 2 Alternates 5 oo os be 13 | 26.9 6.0 | 46,600 62 ihoey. . . te: 646 
July? eto Eee dos. Stee Be 14 | 28.3 4.4 | 30,800 15 157 129 1 
August -___- bok 2h Gu «2. gtee: . . ee 13 | 27.5 2.5 | 26,400 18 227 221 
September__| Alternate, except 7th_-___- 12 | 23.3 4.6 | 37,300 150 677 811 22 
October -.--.-| Alternate, 1st-15th-._____- 6 | 21.3 1.9 | 23,700 91 273 414 15 


SAMPLING STATION, CUMBERLAND RIVER, AT MOUTH, IN MIDSTREAM 1 
[River stage—U. S. Weather Bureau gage, Nashville, Tenn.] 





1914 
fC ea Alternate, 5th-29th, ex- 10 | 20.3 | 12.9] 25,300 DOS Vee Se 713 26 
cept 9th, 25th. 
JRne4s.5..< ATernate.. cee ees see 13 | 29.4 7.9 4, 540 {ee ere 213 
yr 3 gi La | aa [RET Ste Riaals Seth oct 14 | 28.9 8.7 8, 000 269 608 320 10 
Pragcuat 2224s 0 be pM, Set a i I 13 | 28.0 8.5 6, 880 123 381 322 6 
September__| Alternate, except 7th___-_- 12 | 24.5 8.4 6, 840 238 746 796 21 
October --.--| Alternate, 1st-15th -______- 6 | 21.5 7. 5 3, 320 285 828 618 20 





SAMPLING STATION 920—OHIO SNE ee ee ae ABOVE MOUTH OF TENNES- 


[River stage—U. S. Weather Bureau gage, Paducah, Ky.] 





1914 
Mayoo ste. Daily, 5th-30th, except 20 | 19.5 | 18.5 | 235, 300 108) jp 22843 639 23 
6th, 8th, 16th. , + 
dUING2 hack Daily, except 13th_________ 25 | 26.9 6.0} 51, 100 46 |stere. a 690 3 
SU ee ORY >. te Pie i op eee 27 | 23.9 4.4 | 38,800 87 208 200 2 
August - feats ih C0322. -boes'- 2-2 26 | 27.9 2.5 | 33,300 41 226 225 3 
September_.| Daily, except 7th___._____- 25 | 23.7 4.6 | 44, 200 186 593 684 24 
October ----| Daily, lst-15th.____._.._: 13); 21.2 1.9 27, 000 122 361 479 159 
SAMPLING STATION, TENNESSEE RIVER, AT MOUTH 2 
[River stage U. S. Weather Bureau gage, Johnsonville, Tenn.] = 
‘ 
s, 
1914 ‘x 
May....1.¥% Alternate, 5th-29th, ex- t¥ 22. ¢ 6.3 | 3 44,000 S5GRIF2. 252 262 5 
cept 9th. 
StH. 222 LY Alternates.) 2-'.....- a2 13 | 29.6 2.1 17,100 BF Fe. 4130 1 
Jubyse2es ules RR othe ee Spee 14 | 29.7 2.2} 19, 200 90 116 164 3 
Atigust 24:22. 3 COs Seabees os eal 13 | 28.4 2.0} 16,700 60 199 - 174 1 
September_-_| Alternate, except 7th------ 12 | 25.0 1.5 | 15,900 98 292 372 4 
October__--| Alternate, Ist-l5th-_-_---- 6 | 21.6 0.4 | 12,300 82 358 490 5 





1 Samples from a single point, mid-depth, in midstream, near mouth. 

2 Samples were at first, during May, collected from three points laid out on a cross-section. Atlow 
stages of river south sampling point was dry, and center point at margin of stream, leaving north point 
at about midstream in the reduced channel. Samples as taken represent a fair average for the stream. _ 

8 Discharge calculated at mouth. 

4 Irregular agar count at “‘N” point, June 17, excluded from average. Including this result, average f 
month would be 260. 
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Taste No. 84.—Summary of bacteriological observations—M onthly means by 
stations, with related data—Continued 


SAMPLING STATION 926—OHIO RIVER, 2 MILES BELOW PADUCAH, KY. 


[River stage refers to 7 a. m. readings at U. S. Weather Bureau gage, Paducah, Ky. 
eee 
Monthly means 





Pee Bacteria per 
Month 8 Dis- c. c, on— 
onths | Dates of sample collections <n te pa River | charge, |Turbia- nar 
taken | ture, Cant) ond- eS Gela- | Agar | c.c. 
feet) | P>™-) | tin at | at 37° (est.) 
20° C., | C., 24 
48 hours} hours 





OO OO | — | | | LL! | LT 


1914 
Mays. Sate Alternate, 6th-30th, ex- 10 | 19.8} 18.5 | 279, 300 194 | |ae se. 810 18 
cept 16th. 
Jgne.-- 44 CNC ne oo 13 | 27.6 6.0 | 68, 200 43 |a.22- 3. 1 530 1 
uly, 2-2 tes 5. ee ee ae a 13 | 28.6 4.41 68,000 95 154 173 2 
August 721) 2. (eee BE eer eB 13.1278 2.5 | 50,000 39 250 | 2170 3 
September-_|----_ 1 [pbs Gael SAR? oo: *. Raeiear age 13 | 24.0 4.6} 60, 100 173 579 656 21 
October-_-_-.-| Alternate, Ist-15th__--..-. 7 | 21.4 1.9} 39,300 120 829 894 22 





SAMPLING STATION 933—OHIO RIVER, 9 MILES BELOW PADUCAH, KY. 
[River stage refers to 7 a. m. readings at U. S. Weather Bureau gage, Paducah, Ky.] 


1914 
Misty. 3.282 Alternate, 6th-30th__------ 11 | 19.°8] 18.5 | 279, 300 195 fo. geet tS 809 19 
Janes: F222 PMICerNALes. ...-s2oe-u--— 13 | 28.0 6.0 | 68, 200 87 ieee 534 5 
hile 2 a BO sO cciinbGke seeses 13 | 29.0 4,4 58,000 72 155 153 2 
Hail RUp) lees a cafes FURS (i ce See 8 13 | 27.9 2.5 | 50,000 39 | 3160] 3170 6 
September-_-|----- ) (ete eee See 13 | 24.1 4.6 | 60, 100 169 445 560 21 
October_.--| Alternate, 1st-15th..._---- 7 | 21.4 1.9] 39, 300 106 644 740 36 





SAMPLING STATION 938—OHIO RIVER, 14 MILES BELOW PADUCAH, KY. 
[River stage refers to 7 a. m. reading at U. S. Weather Bureau gage, Paducah, Ky.] 





1914 
Prayers sol vv COCK Lys 3.522 -.--- 4119.4} 18.5 | 279, 300 147 | 2 sence 858 14 
Pf eee? (bey S ee aes 4 | 27.7 6.0 | — 68, 200 Oo |aa4ek as 4390 2 
daly. ose. A '1ith and 23d__....-------- 2 | 28.7 4.4] 58,000} 125 |------.- 117 5 
September--| 5th, 0th, and 24th. ---..-.-- 3 | 24.0 4.6} 60, 100 189 603 868 29 


ee en nee 


1Trregular agar count, ‘‘S’’ point, June 27, excluded from average. Including this result, average for 
month would be, 660. F 

2TIrregular agar count of Aug. 11 excluded from average. Including these results, averages for month 
would be 350. : 

3 “oan om gelatin and agar counts at ‘’N‘’ point, Aug. 27, excluded from average; including these results, 


average for month would be gelatin, 270, agar, 
4 Dackyding excessive agar count at one point on June 30, average for month would be 220. 


\, 
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TasBLe No. 85.—Summary of bacteriological. observations—Monthly mear.s at all 
stations by months, 1914 and 1915, with related data 


JANUARY, 1914 














Monthly means 
Time of Bacteria per c. ¢c. 
Sampling stations — | memper- | River {Discharge ms Turbid- big B. Coli 
ature, stage | (second- Pitts- Myth. ea ee Der Cae 
Cc. (feet) feet) burgh p. m.) Gelatin | Agar at (est.) 
(hours) at 20°’ C2 T° 387°C. 
Allegheny No. 1__-2.-_- 0.9 6. 6 ZISBOO [Pen ok 62.1 ee 1,110 162 
Monongahela No. 1_.-- 1.0 5.8 ye ib) Val: Peal itis pg bem VBS = 362 64 
Ohio No. Bite. _2me? .9 5.8 38,800. | 3.5... 28e 1h oe ee 560 83 
OIO UN Guns cae ea 1.0 5.8 38, 800 2.1 SO Bovem 440 86 
ODIO-ING, Usccte eae oe 1.0 5.8 384000 j2_. 222k oy GSE ee 310 80 
Little Scioto River____- yA: 9 | Nea i: pices 2 Sl RR EE y 1 fl eae ees 616 8 
Ohio No. 649__...-.. 2-3 18.5 90, 800 148. 8 OO-435. _ ste 816 pa 
Tygarts Creek_-__..... DIST tre hh oe ee A ee ee 17} aces 417 1 
Ohio No. 862% - ts 2,3 18.5 { % 90,8005}. 202_____ 64.|_..___ 2188 904 24 
Ohio No. 355___.. 322... 2.3 18.5 90, 800 151.5 aS Be Sa 870 22 
Scioto River_._---_-__- pA 2.2 S0G0TK 4.282 2 AL. he en ee 2, 130 32 
@hio No, 358_____ 272... 2.3 18. 5 95, 800 152. 7 i) Sa es 1, 080 18 
Ohio No. 46%_.-- S52... 22 17.3 94, 900 192. 6 95 19, 900 444 17 
Little Miami River -__- PEE | RN L410 bok oe ae 171 45, 800 640 19 
Licking paths oraiaine toe. uae a 5 BY f o, CUO 1 nee ee 189 18, 100 1, 960 35 
Ohio Nos47_ 33-2 feteec Dy rhe er lest a oie cess 2 2 112 23, 600 1, 540 138 
Ohio No: 4742.5 he 2.1 17.3 99, 700 198. 5 106 26, 600 3, 080 131 
Ohio No. 482____._...2- ee pee 99, 700 202. 1 97 19, 800 1, 560 | 65 
Ohio No. 598.._----._- 2. 0 17.6 | 108, 000 261. 7 2B he Os te 2, 730 31 
Ohio No; 6H 22-22-2222. - 2-4 17.6 | 108, 000 269. 9 PIs waa ye ba ; 180 
FEBRUARY, 1914 
Allegheny No. 1__..--_- 2.4 11.3 25,\6D0 sb tee ce ig Pree eee 1, 560 207 
Monongahela No. 1.__- 2.4 6. 4 18,4004 222 2 2. 62: |_2s¢.cten 104 
IFO dys, Sse eos 2.4 6.4 42, 200 1.9 SL | ee 2S 1, 013 226 
Ohio-N6; 6=2222-222=<2- 2.4 6.4 42.'200- 1-2 -seeer=- hoa pans ae ara 20 177 
Ohio Wosiis oe 2. 5. 6.4 42, 200 6.5 CS 1,170 32 
Little Scioto River____- WOM Senta aio ot hel eee enee ee 56 9, 370- 900 38 
Ohio: No, S48. 2 ee 1.9 25.1 | 138,000 136. 0 121. |. 2, 500 993 51 
Tygarts Creek2_-._ 202 Fhe oy ta a lesan (ah ed A ae Mh Fg pet 63 8, 510 1, 650 46 
Chig Na cRho se 3.0 Ph) OG: eee a 102 16, 200 1, 400 45 
Ohio Na, 355. 4 15 25.1] 138, 000 138. 4 132 11, 200 1, 270 32 
Scioto River___..___-_- 1.6 5. 5 14,5200. [SEV oe 217 34, 600 4,140 ral 
Ohio No. 858.2 cose oF 25.1] 152, 200 139. 4 174 14, 400 1, 460 48 
Ohio Nd. @@th tA 2.9 25.3 | 156, 100 175.7 208 19, 500 1, 360 50 
Little Miami River ___- 1, 15) ea RST 3, 68052 2s. 218 53, 900 5, 060 62 
Licking River___._____- 3.8 8.1 13;; POOR BS lL 381 24, 500 1, 840 44 
Ohio No. 474-2. =-_ 2.8 25.3 | 173, 000 180. 4 245 20, 850 1, 820 166 
Ohio No, 482.0 eco ies 25.3 | 173, 000 183. 2 250 20, 900 1, 750 104 
Ohio No. 598____-_____- 3. 2 29.1 | 221,000 228. 7 435 22, 800 4, 900 85 
Ohio Noy 611. 2 ae LZ 29. 1 221, 000 233. 9 400 26, 400 5, 030 165 
Allegheny No. 7_-.----- 4.7 12. 71 7, 690 640 8 
Allegheny No. 1_-.----- 2.3 12. Lop Cee EE oe 1, 620 246 
Monongahela No. 12-_- 3.7 a am! 55 1, 370 120 8 
Turtle Greekee Sx sce et Sea eee | ee ee ae ee ROL. eae eee 543 
Monongahela No. 1_-_-- 3.8 ip 58 4, 210 780 
Ohio ND.'3...2- coe 1.4 vis 53 7, 400 950 
ONION G, Bic sees 22 ré 5, 810 
Obio No, Vise ae 2e ce 3.0 Hf 69 2, 800 288 
Little Scioto River ___- Sy a oat meun oan oe kee ea oe cee ee 6 3, 530 548 
Ohio No; 34822 a2 24.5 | 133, 000 124.0 115 8, 200. 630 
Tygarts Creek____.____ Bie SO ehh cos coca ES hie SE Se oe 66 1, 970 400 
Obie No; 3555. coer aa 24.5} 133, 000 126.5 113 8, 060 745 
Scloto -Riverls.<. 3. 32 2 19: TOON See Se 208 22, 400 3, 060 
Obio No. S603. hee 31:2 24.5 | 152, 100 127.5 130 11, 100 1, 040 
ObioiNo. 46) 20 es 3.4 24.0} 147,700 162. 7 155 18, 900 854 
Little Miami River --_- ob a Ae i aye eee 225 35, 500 3, 260 
Licking River____._-__- 5.4 5.5 OG. S80 teres atte, 215 15, 500 2, 100 
Ohio No. 474-475__..__. Bas 24.0} 160, 000 167. 6 174 22, 700 
Olio No. 482..-....-..- 3.2 24.0} 160, 000 170. 6 176 | 21, 700 1, 570 
Ohio No. 598_.......... 3.5 26.4 | 192, 000 214. 8 252 16, 700 2; 780 
Ohio. Novell. =. 2. bis 26.4 | 192, 000 220. 5 257 22, 200 3, 630 
OROWNONGI0--w 2.62.0 3.8 26.4 | 192,000 223. 3 285 21, 400 3, 330 











#24, 


Pe 
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TaBLe No. 85.—Summary of bacteriological observations—M onthly means at all 
stations by months, 1914 and 191 5, with related data—Continued 
APRIL, 1914 


nn SE eS 
Monthly means 














: Time of Bacteria per ¢. ¢. 
Sempling stations |! Temper-|. River Discharge)» flow-..| arurpia- ede B. Coli 
| atures, /:*stage “| (second=:)sffomas trae (yak Fs ane: c: 
eit (feet) feet) (| Pitts: rye m.) . (est..) 
burgh Gelatin | Agar at 
(hours) ; Tab hae Og Gry ca 6 
Allegheny No. 7._..___- 73 11.6 48, 700 +|) = 2.0% 50 2, 180 400 12 
Allegheny No. 1_______- 9.2 11.6] 48,100 |__--7 27 55| 4,420] 1,420 114 
Monongahela No. 12__- 10. 1 11.0 32, GOOF 23. 4 53 2, 230 200 12 
Monongahela No. 1-_-_- 10.7 11.0 32, GUO y+. Ses 68 2, 670 470 26 
Ohio No. Ss. 2.2. .2.262. 9.9 11.0 79, 2004. 5S 60 3, 280 900 88 
Mhio Nos: fo.) st. 10. 3 11.0 79, 200 7.8 67 2, 750 500 24 
Olio No, G3: 2... jay. 157 11.0 79, 200 9.3 58 2, 400 620 29 
Beaver River: __-/....-. 4 ee Ti, 8004/2 2 Fe 93 12, 000 3, 000 180 
IOUNG (08 Se - 92555. 9.6 11.0 91, 000 LISS 84 5, 000 934 18 
Little Scioto River____- 1ES4, |. 5 EER oe SDE a Ee 69 808 735 22 
Onio No. e485 = - ss. 10.3 34.3 | 210, 000 112. 5 158 3, 400 1,060 | — _ 33 
‘Tygarts Créek_______.. aS! je ob eae 1 ag 35 1, 280 540 8 
Ohio No. 355..__--_6.2-. 10. 6 34.3 | 210,000 114.7 152 3, 220 1, 080 32 
mcioto River. |... 252s. 12.2 6.1 175-200- |) ess 128 6, 500 3, 500 29 
Ohio, NG.860 = = 2.29): 10.9 34.3 | 227, 200 115.7 163 4, 000 1, 310 33 
Ohio No. 461_.____.22_- 9.9 32. 7-} - 237, 100 150. 0 187 4,620 690 26 
Little Miami River____ jy! SY Qa aes ea & P0423 es 161 17, 800 2,970 42 
Licking River______.._- 1322 5.4 6670“ ts S252 188 3, 830 1,370 28 
Ohio No. 476 2... Ou 10. 5 32.7 | 248, 000 154. 3 171 11, 600 4, 350 135 
Ohio No.-482__.__ 242. 10. 3 32.7 | 248, 000 156. 8 160 10, 600 5, 000 182 
Ohio No. 488_______-_2_ 10, 9 32.7} 248, 000 158. 7 129 10, 300 4, 940 af 
Miami River______2_-- 12. 0 5.4 14 BOG.) 032 a 78 19, 700 4, 480 13 
Ohio No. 492_.___2_2__- 10.5 32.7 | 262, 300 160. 0 148 13, 000 7,440 83 
Ohio No. 598.._--.__.__- 10. 3 36.0 | 297, 000 193. 9 167. 3, 830 3, 250 Bod 
Obig No, 613 xy. 10. 5 36.0} 297, 000 198. 6 215 8, 030 2, 860 13 
Oo Na Gio ke. 10.5 36.0 | 297, 000 201. 1 220 7, 870 2,880} 175 
MAY, 1914 ; 
850 6, 250 15 
Allegheny No. 7____-_-- 19.3 10. 2 32 B00; lag. bee 11 5, : 
Monongahela No. 12_-_- 23..5 6.9 8; 960) je. es 12 80 41 3 
i 8 6.9 42, 200 2.1 62 5, 330 2, 440 196 
an ie 6.9 | 42 200 7.2 62| 2850! 1, 280 76 
Ohio No. 19.__.._._-__- 16. 0 6.9}. 42, 200 1g Be 2, 100 1, _ “ 
hio No; 23... 16. 0 6.9.| 42, re . a ge ee a 
Beaver River___.__---- ee epee 7, 480: Was ---. 3) , MD 145 
i 9 49, 700 15.7 86 5, 140 3, 34 
mo v0, geo)... 14. 4 6. ; 89 519 39 
Witte. Io, 682-22. < <=. 16. 6 11.4 55, 700 ye Mmanaaelt Yio en reset oe 
i 4 55, 700 32.9 po | OM fee a et 565 36 
MNO NG: Tf ss. 16.8 11. , 96 447 28 
Ohio No. 88______------ 16. 8 11.4 | 55, 700 37. 2 3 hae ames is oa 
Ola OO} 7 16. 3 11.4 a on oe fi Sabie eae 414 79 
Seca ae Seva ears Be mf ok 
e Scioto River_-...| 18.2 |-----.--.-|---=---~---|---------+ ; 
Onin Noi 640. ee 17.0 20.0 | 101, 000 141.0 pa a 
Tygarts Creek _-_..---- 16. 9 |----------|---- 6 980-\0.. td 1, 810 val 
Scioto River_.__...--_. 18. 6 2.8 ’ atc "144.8 895 23 
iD INO; 3682822222228) 17.3 20. 0 108, 000 183.2 : 390 19 
Ohio No, 461_2_....---- 17. 6 19.9 a am 926 | 29 
Little Miami River---- 138} 3 -o oes wT ee 2, 600 BI 
Licking River_......--- 19, 4 3.9 ios noe te aba ee 28, 000 188 
Ohio No. 475.......---- 17.1 19. 9 ’ 000 191.8 20, 200 251 
Ohio No, 482___....-.-- 171 . i 000 194.2 , 22,000 | 24,900] . 375 
Ohio No. 488___-...---- 17.0 19. 5 4. 430 | 2, 780 33 
Miami River-_-__-...-- 17.5 3. 5 | 4300400 | 227198. 7- 39, 500 328 
Ohio No, 492___---.---- 16. 9 19. 47, 000 243.3 “2780 97 
io No. 598____._..--- 17. 6 21.4) 147, 280 9 5 3800} (238 
Ohio No. 611-____...---- 18. 0 21.4 | 147, 000 253. 0 --- 5,600 | > 223 
Ohio No. 619__.___.---- 18. 0 21.4 | 147, 000 385, 0 924 "19 
Ohio No. 904_____..---- 19. 1 18. 5 773 26 
Chow} ins] ies] 238 Sao | aie ma | 
0 No. 920_._....-.-- . . ; 
Tennessee River - - ----- 22. 1 6.3 a pe “396. 9 810} 18 
Ohio No. 926_-_....---- 19. 8 18.5 , 400.8 809 19 
Ohio No. 933___-------- 19.8 18.5 | 279, 300 855} 14 
Ohio No. 938__......... 19.4 18. 5 | 279, 300 |---------- 
ee eee SS ee 
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TasBLe No. 85.—Summary of bacteriological observations—Monthly means at all 
stations by months, 1914 and 1915, with related data—Continued 


JUNE, 1914 


Monthly means 








: Time of Bacteria per c. c. 
ing stations on— 
mega ee Temper-| River |Discharge “id Turbid- B. Coli 
ature, stage (second- Pitts- ity (eNhe- as Se per CC. 
a. (feet) feet) burgh ° m.) Gelatin Agar at (est.) 
(hours) at.20°. C.1.. 37°C. 
Allegheny No. 7-------- 23. 0 3. 6 6, 5a0 | soa. 88 20 8, 200 20, 700 44 
Monongahela No. 12--- 24. 0 5.8 2, BHO jan ta 23 12 400 220 1 
Dhid No. 3u-0-s.~ cee 24.0 5.8 9, 380 9.1 38 9, 470 15, 200 220 
Obio NO. Ad-<o~ 22-252 25.0 5.8 9, 380 34.7 52 3, 160 10, 200 37 
Obie NO, 20, -_-- <2 ape 24. 0 5.8 9, 380 53. 1 50 1, 520 3, 380 23 
Dnio NG. 26..22c eae 23. 4 5.8 9, 380 60. 8 18 3, 900 6, 830 40 
Beaver River-_-_-------- 7G eae i cae Bo) ies - 2-8 s2 26 3, 960 2, 830 190 
Ohio NO. 85; 4.¢ os 2-aen- 22. 7 6.1 10, 300 106. 4 rh pepe cep 1, 580 14 
Ohio. No. fi. 3. -3-eee! 23. 7 6.1 10, 300 131.0 ne 182 62+ ee 2, 280 42 
Ohio No. 88..-_-------- 23. 7 6.1 10, 300 146. 6 Be ee nee 1, 540 29 
Ohio No. 97_--.-------- 22. 6 6.1 10, 300 160. 5 vain) behsteti Pew” 2, 680 118 
Ohio No. 104 23. 3 6.1 10, 300 173.5 “57 (ites Slade 2, 530 92 
Manstwha it. fou 2eb edge lee oo ee ee 25 100 183 1 
CPV aNOtG. a 5 egg dy «~~ - ate dace eet = <|--s5 sO oe 4 258- 17 242 563 4 
Big Sandy ia p-s-- see. ee Se ale oe ee St ate 20 425 722 4 
Little Scioto___-.------ 7: a yo RES Rds SE Ee 2 52 605 1,015 7 
Ohio No. 349_._-------- 25.5 5.8 17, 900 415.4 30 334 438 9 
Tygarts Creek___..---- PE Fo ah OR ae ae 51 344 678 6 
Scioto River-_-__-------- 24. 5 14 1; OOO Ee 3-2: 91 1, 980 2, 850 171 
Ohio No. 358_...------- 25. 3 5.8 18, 900 421.9 34 424 550 18 
Ohio No. 461_---------- 26. 2 5.3 19, 800 485. 3 12 220 190 1 
Little Miami River a2-.}:.-.-23.-|--------2- 360: ht SS 3.2. 78 3, 650 5, 500 28 
Licking River__._------ . 27.6 2.0 1680, bee. =- 82 391 14, 100 8, 900 218 
Milicreek--« .2.<.-L goo_[o=. 04 sor ]_--- bk oe... ees a ee 150 |5, 450, 000 |17,200,000 | 550, 000 
Ohio’ No. 475_.-----ess- 26. 2 5.3 21, 000 501.3 127 | 121,000 | 237,000 2, 930 
Ohio No. 482_..-------- 25. 8 5.3 21, 000 512. 9 102 67, 500 91, 800 1, 220 
Ohio No. 488_...------- 25. 6 5.3 21, 000 518. 8 63 54, 000 50, 800 1, 330 
Miami River-____.------ 25. 6 2.6 NO yo 74 1, 380 933 2 
Ohio INO. 402... 25. 0 5.3 22, 200 522.0 47 41, 600 48, 900 530 
Ohio No. 598_..-.------ 25. 3 6.9 28, 800 667.3 60 648 586 11 
Ohio No. 611_-...------ 25.9 6.9 28, 800 690. 1 69 15, 300 26, 300 255 
Ohio No. 619_-.-------- 25. 9 6.9 28, 800 696. 7 71 33, 800 52, 100 456 
Ohio No. 904_--_------- 26. 9 6.0 46, 600 998, 1 i) i Pe Sel 646 3 
Cumberland River__-_-_- 29. 4 7.9 4 Oy eee Bi} ==2- et eure 213 a 
io NG, 020..—. 22. Gee 26. 9 6.0 51,100 | 1,015.5 a )---2200e 690 3 
Tennessee River ------- 29. 6 2d 17; 100 bee = 0p Pee gs de 130 1 
Ohio No. 926_-.-------- 27.6 6. 0 68, 200 | 1,021.9 Ay Bes So Le 530 1 
Ohio No. 933_--...----- 28. 0 6.0 68, 200 | 1,030.1 Si i-c-seeeees 534 5 
Ohio No. 938_--._-.---- 27.7 6.0 GS, A ih oc a PR gS 8! 390 2 
JULY, 1914 
Allegheny No. 7..---- 24.8 2.1 oe aes Sees 16 4, 560 9, 460 34 
Monongahela No. 12_-- 24. 9 6.1 3} G0) |262.-.2: 24 8 55 1 2 
Ohio No. Sasscoteeh ae 25. 1 6.1 5, 380 16.3 5 5, 300 10, 600 127 
Ohio No. 9-11------..-- 24.7 6.1 5, 380 59. 8 4 640 3, 420 15 
Qhio No. 19----=:-L 455; 24.2 6.1 5, 380 92. 4 7 1, 000 3, 100 35 
Ohio No, gae--2-. ba 24. 5 6.1 5, 380 106. 8 7 1, 040 5, 340 118 
Beaver River---.-.---- 23. 8 . 68 ch eee ees 11 5, 070 7, 850 502 
Ghio No, 665:6.->- beans 24. 6 7.8 6, 630 178, 8 6 890 780 13 
Ohio Not fis-n5-- ages 25.0 7.8 6, 630 220. 4 a 1, 230 1, 260 28 
Ohio No. 88..-------..- 25. 0 7.8 6, 630 244, 5 11 607 660 72 
Ohio No. 97_.------.-.-- 24.8 7.8 6, 630 268. 6 8 4, 240 3, 800 161 
Ohio No. 104_-----.-... 24.8 7.8 6, 630 290. 5 7 1, 640 2, 000 35 
Muskingum: River} «s:4 |=--- <2 ud, |= -5 2 ee ae ess ae 49 210 428 1 
Little Kangwha Riverii|2--~-:2be|----- 4 -t46--- Se Sss-- Fe a Ree, Gatindl 12, 000 55 
Gnyandottea: River : jen [s--- eae). b ae ee eta ee 20 220 354 10 
Hocking! River... ause[4---. [agen]. Taio. 23 ae ees. eh pst 28 100 370 1 
Big Sandyaeiver.-} ojo. |---- 5h etl ---- bab pthn-- ne 5 Sete cee 10 45 43 a | 
Little Scioto River_---- PRG «3 neo sacl < coe tae Lae sae 68 1, 450 4, 580 10 
Ohio No. 349.....-.---- 26. 7 5.4 16, 400 597. 2 100 872 1, 290 29 
Tygarts Creek ...-.---- $e 15235365571. ae ee ee 147 1,510 1, 850 40 
Scioto River. ..-.-.---- 25. 6 —.1 730) iscz--i 22 64 1, 940 3, 000 100 
@hio No; $58. -----5---- 26. 6 5.4 17, 100 603. 8 79 810 1, 230 28 
do Wot 466" 22022. -. 27.1 4.9 18, 700 668. 1 22 320 400 7 
Lattice. Miami Rivet... <.)----.4acce|secgnnue TAD |. samen = 272 2, 440 3, 180 27 
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‘Taste No. 85.—Summary of bacteriological observations—M onthly means at all 
stations by months, 1914 and 1915, with related data—Continued 
JULY, 1914—Continued 
Monthly means 








Time of Bacteria per ec. ¢. 





Sampling stations sal 
pang _|Temper-| River |Discharge Fa Turbid- is B. Coli 
ature, stage (second- | pitts. | ity (». |————-————Iper¢. c. 
: (feet) feet) burgh | P-™- | Gelatin | Agar at | (St-) 
(hours) at 2? Ce SIVC, 

Licking River---__--.-- 29. 3 1.2 + | pl a SG 63 4, 770 4, 320 280 

RG eae, ESSE SOs (Ene Sepang Gane | RE SePairond (RE cae oo 4, 060, 000 |6, 190, 000 () 
Ohio INTOR aid. we tot ou 27.3 4.9 19, 000 686. 3 25} 101,000] 147,000 | 6, 190 
Ohio No, 482__.....-.-. 26. 8 4.9 19, 000 700. 3 23} 57,900] 82,700 | 2, 420 
ODIO No; 438 "7 2-- bess 27, 2 4.9 19, 000 706. 5 26 19, 700 H 1, 770 

Miami River-._..-:-.-- 25. 4 2.5 ¥,.000'}_- <=254.2. 233 3, 080 3, 030 1 
Ohio No. 492__...-.-..- 26. 5 4.9 , 709. 8 95 | 18,600] 23,900] 2,290 
Ohio No, 598_-------.-- 27. 0 6.0 23, 100 883.9 7 292 203 1 
mio No} Gun to -5. 27.2 6.0 23, 100 912. 6 22 8, 820 10, 100 784 
Onio Noi 619. =. 2-35... 27. 2 6. 0 23, 100 920. 4 14 31, 400 34, 400 | 1, 230 
10 INO? be. o> oP 2. 28.3 4.4 30, 800 | 1, 275.7 15 157 1 

Cumberland River-___-- 28. 9 8.7 OOO" b. . 2 32k Se 269 608 320 10 
‘Onio Noy 920 %2_- ~~ sax 28. 9 4.4 38, 800 | 1, 296.3 87 208 200 2 
Tennessee River - --_---- 29. 7 2.2 Y 200' i = ae ee = 90 116 164 3 
Ohio No. 926_-..-------- 28. 6 4.4 58, 000 | 1,303. 1 95 154 173 2 
ODIO Not Sas... 1-4. 29. 0 4.4 58,000 | 1,311.7 72 155 153 2 
Ohio No. 938_--.-.---.-- 28. 7 4.4 Be OQO0! tases see | 125) hess eee 117 5 








Allegheny No. 7____--_- 23. 0 1.4 F660 Ss 15 7, 420 22, 900 782. 
Monongahela No. 12_-_. 24. 8 6.0 te I Weenie eed 4 30 
eer 1 Cee 7A) bee ba 22 1, 140 748 11 
Ohio No. 3___...-----_- 25. 0 6.0 3, 730 24.0 7 4,290} 14,500] 110 
Ohio Nos. 9-11________- 24.6 6.0 3, 730 89. 6 4 495 2, 000 34 
Ohio No. 19____.___-__- 24. 4 6.0 3, 730 137. 2 7 740 1, 400 75 
Ohio No. 23__.._..---_- 24.0 6.0 3, 730 158.2 7 1, 020 2, 100 28 
Beaver River -___...-.-- 23. 0 . 48 ee ie 17 6, 440 11, 200 550 
Ohio No, 202.3% _...20 25.0 6.0 4, 090 184. 6 3 922 1, 560 24 
Ohio No. 65___.-----_-- 24.2 8.2 4, 650 275. 6 4 370 835 19 
Ohio No. 77__..-------- 24.6 8.2 4, 650 334. 8 13 887 1, 640 48 
Ohio No. 88____.-_--__- 24.4 8.2 4, 650 370.9 13 670 720 48 
Ohio No. 97_.___----_-- 24.2 8.2 4, 650 405. 6 12 3, 200 4,330} 151 
Ohio No. 104_______-__- 23.9 8.2 4,650|- 437.8 26 2, 500 2,740 | 212 
Sumeminormerativer s_Srep 4 Uct st eS lee 25 345 re ae se 8 
mia carnnwhia River... foe. cust eec|- ta ea sce 93 iv oe 74a “ 
ESS ge STS Re RR ae) ae as Oe ae Ae ee 339 f . 
ee STS Re ie Fee RSS Se ee 55 938 1, 150 3 
tena Mivor. Us. ees} at ee ; 103 1, 230 328 1 
RN See): | Oe CR 57 211 499 28 
ie RR TS 25.7 4.0 11, 800 836. 0 90 954 1,720 
Scioto River_......_--- 24.8 aa 6 OGR i ee 174 4, 120 11, 400 = 
Dio NO. 358.2-...---- 26. 6 4.0 12, 800 843. 5 118 1, 600 2, 680 = 
Ohio No. i) en 26. 4 3o7 13, 900 919.0 145 1, 280 oe = 896 
Little Miami River____|.-.------- 6.4 i es 333 | 18, = oo — 
Licking River.....___-- 27.2 1.8 wa b.. Bee: 458 Spe 11,200 pio: laavlane 
UTE a eee ee eres es ert po 4, 580, poly veo 
Ohio No. 475_...._.---- 26. 3 3.7 15, 200 942. 5 199 | 131, 000 geo ge 
Ohio No. 482. _- 25.8 3.7 15, 200 959. 0 173 | 21,000} 41, 120 
Ohio No. 488_.......... 25,9 3.7 15, 200 966. 0 125 | 15,300] 29, 800 = 
Miami River ‘CRE Bs 23.7 2.5 i 21O fs oc. s28 565 11, 700 11, 100 807 
Ohio No. 492........... 25. 0 3.7 16, 600 969. 5 130 17, 600 | - 39, 600 ~ 
Ohio No. 543___-..._.-- 3.7 | 16,700} 1,048.4 |...----.-- 1 700 2, B60 33 
5 > Sue 979) a E100 2 eae ; ; 
Seti ee ~~ yi so | £1 | 18300| 1,177.6 S| 2140] 1,250] 102 
Ohio No. 611........... 97.0 5.1 18, 300 | 1, 212.1 34] 34.500} 41, oe Geen 
Ohio No. 619........... 27.1 5.1 18, 300 | 1, 221.2 28 | 63,600] 77, oa bi 
Ohio No. 904._------.-- 27.5 2.5 | 26,400] 1,622.9 S = Pd - 
Cumberland River_..-- 28, 0 8.5 6, 880 |---------- 226 225 3 
Ohio No. 920_.....----- 27.9 aan gee 1 ee a 190 ined : 
errs ee oe et) 8 | 50000] 1.6404 39 250 170| 3 
Ohio No. 926........--- . 658. 0 39 160 170] 6 
Ohio No. 933_......---- 27.9 2.5 50,000} 1, 





12,117,000. £ 
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TasBLE No. 85.—Summary of bacteriological observations—Monthly means at ait 
stations by months, 1914 and 1916, with related data—Continued ; 


SEPTEMBER, 1914 








Monthly means 








Time of Bacteria per c. c. 
Pe i i : q © o— * 
ees Sig tae te | Temper-| River |Discharge “1 Turbid- ? B. Coli 
ature, stage (second- Pitts- ity (p Eves 
C. (feet) feet) burgh: -™.) | Gelatin | Agar at aM 
(hours) at 20° C.}|. 37° C. 
Allegheny No. 7_.-.---- 19. 0 1.6 5 Fe A) Sage HEPA BT 18 10, 200 16, 000 105 
Monongahela No. 12--- 21.0 6. 0 OO! | Sy jbaroee, 5 20 18 4 
Trrtle @reekice! Wo ile sf 2 See te oe er en See Leese ase 69 217 212 tg 
Oftio Notey 23-1 Se: 21. 0 6.0 3, 370 2% 3 14 35, 400 41, 100 726. = 
Ohio Noett- >i 223 20. 5 6. 0 3, 370 98. 7 10 1, 850 , 060 110 
Ohio No?19.2>..-..2._2 20. 5 6.0 3, 370 153. 8 13 1, 200 1, 100 134 
Ohio Norge. ib Sess 20. 3 6. 0 3, 370 176. 4 15 900 1, 920 106 
Beaver divers. ..4 227 2 19. 0 . 53 Ag Sy ee eR Phd 17 9, 190 9, 860 775 
Ohio Novtze.. +. 3 2 - 20. 7 6. 0 3, 760 204. 9 5 1, 420 2, 030 197 
OIG NO. 60-2... 5 es 19.8 8.0 4, 500 323. 7 33 614 384 42 
Olio NOS77.0 25-22: 20. 3 8.0 4, 500 384, 7 24 1, 100 634 82 
Ohio No. 88______------ 20. 4 8.0 - 4,500 420. 8 25 530 388 43 
Ohi0 Nos O72...5.~5-2 20. 4 8.0 4, 500 456, 3 22 1, 630 1, 570 92 a 
Ohio No. 104_____-_---- 20. 3 8.0 4. 500 488. 5 23 1, 520 1, 000 49 
Miskine rn. 5k Ol ele Le eet 6 are oe aL ee 69 335 294 4.3 
Bittle Karigwita Rivers). . eho ol ord ote see ee 86 15, 400 5, 230 262. 
ayandotve River 2s... Cae ee cok eae eo hee dere 149 3, 110 460 206 
Hocking River...o28222 {0 ela Bee ae aa eee eo. Seewen re 84 746 677 6 
Kaengwhs River. oik |. ihe ale eiaiee lone bcs eiatins aed 108 103 177 34 
Bigandy River.ic occ }ac 2 pete ee en a ne beeen: 93 727 500 30 
C7miG IN 09349 52 scl oc 22.3 4.6 13, 700 866. 5 80 790 816 31 
Neipto River... 20.2.8 21.1 —.07 SlQi a Aes ee 97 3, 600 3, 140 89 
Ohio. No. 368222 A | 4.6 14, 500 873. 5 89 1, 100 1, 330 25 
Ohio N0::461 2... Jcc0s. 22.1 4.4 17, 100 941.9 153 500 1, 280 20 
Little Miami River.._-|_..-..---- 5.9 Pt) ee See Se 44 2, 280 2, 620 181 
Licking River____._.._- 22.5 1.4 BW iz eh 340 3, 680 4, 600 307 
Miller eekiaa: op o- uued- 82 5.0 Se. gel co SES Bo on al nw co dee 3, 000, 000 |7, 020, 000 |903, 000 
Ojo IN0i-476.4..4 ae 22. 6 4.4 17, 500 962. 1 94 95, 700 170,000 | 5,190 
Ohio No. 482___._-_2..- 22. 5 4.4 17, 500 976. 8 84 27, 400 70, 700 | 2, 590 
Ohio No. 488_...----..- 22.3 4.4 17, 500 983. 3 86 21, 000 50, 800 | 2, 550. 
Miami River_._.--._-.- 19.5 2.4 $40 | u iia. 72 1, 070 1, 690 125 
Ohio No. 492___.____..- 22. 0 4.4 18, 300 986. 8 92 16, 400 40,600 | 2,390 
Ohio Nar643__ 4 g-6}- 5. 2h ges. 4.4 18,600 | 1, 057.6 116 5, 330 8, 900 103 
Kentucky River_--.2._|.----_..-- 6.9 80 be es 132 860 2, 630 3°43 
Ohio No. 598___-.------- 22.9 505 20,900} 1,172.1 118 1, 280 506 20:54 
Ohio No.6h)..---L ae 22.9 6.5 20,900 | 1, 202.7 133 30, 700 30,300 | »« 709. 
Ohio No. 619___..-.-_-- 22. 6 5.5 20, 900 1, 210.9 119 45, 400 42,600 | 1,380 — 
Ohio No. 904_._....-.-- 23. 3 4.6 37,300 | 1,576.9 150 677 811 22 
Cumberland River-._-- 24.5 8.4 S40") 7a Ye oe 238 746 796 21 
Ohio Na:i9202....2 eu- 23.7 4.6 44, 200 1, 594.9 186 593 684 24 
Tennessee River_.-...-- 25.0 Lae LEWOU Toke Se 98 - 292 372 4 
Ohio No. 926_____-_---- 24.0 4.6 60,100 | 1,601.5 173 579 656 214 
Ohio No. 933___-...---- 24.1 4.6 60,100 | 1,609.9 169 445 560 21 
Ohio Noa..938.+... 2. ssn 24. 0 4.6 60, 100 |z2--4 345 189 603 | 868 29 
OCTOBER 1, TO 15, INCLUSIVE, 1914 

Allegheny No. 7_------ 17.0 0.9 OT pee ele 8 16 1, 720 8, 350 44 
Monongahela No. 12-.- 19.7 6.1 BAD ie ok Sk 11 10 11 2 
Turtle:Creek 4. 2) See. ee ae Ok. ae ee ee 121 381 145 4 
Ohio: No..aie eo... et 19-0 | - 6.1 1, 670 61 14 6, 890 53, 900 255 
Ohio, NO. 322440225 2E- 18.5 6.1 Li Gre if. 2s 10 1, 230 32, 900 70 
Ohio. No.4; 02.220 es 18.3 6.1 1, 670 199 8 790 1, 300 148 
Ohio No. 492-6... te. 18.8 6.1 1, 670 304 18 1, 220 1, 450 70 
Ohio. No. 233.3.---Las 17.9 6.1 1, 670 349 21 1,140 1, 250 123 
Beaver River -.---..----- 16.0 . 25 740 122. LL 15 7, 720 6, 520 640 
Ohio No. 65..22---. 224. 17.7 7.8. | 2, 470 622 5 425 212 Ye 
Ohio No, 776.>5_--i ia 18. 2 7.8 2, 470 742 5 614 470 14 
Ohio No. 88._-----. 2222 18. 6 7.8 2, 470 808 8 352 213 17 
Ohio No, 972...-2-l eee 18. 2 7.8 2, 470 871 8 3, 420 2, 460 113 
Ohio No. 104..---_.-u2- 18,1 7.8 2, 470 929 9 3, 720 1, 500 186 
Muskingum) River: gt)... -2t 8. |2 00h ec ee aera 25 144 185 1 
Little Kanawha: Riven:|-.... ae-|....2 2 & Bae tie ee. ba 30 27, 800 17, 400 100. 
Guyandotte River _-___|_---..--.- pe) SP! Fa a TS) | ra a 15 165 136 10 
Hocking! Rivers. ¢2c8tl. 2 Le eso) ae ee oie eee eee 25 545 330 1 
Rapawie River sooo serio arcane acmeee owe ane lac ata eee 7 85 147 eS 
ie Bendy River: --- 5.) ...<adiedplaswaccecoblae eueee esse neaee 17 70 73 1 = 
Ohio No;349___.......- 20. 2 1.9 4,440] 1, 639 21 522 836 32 
Ohio No, 355-__-.......- 21. 0 1.9 4,440} 1, 649 8 1, 000 2, 900 40 
Scioto River......<.... 19. 4 —.3 A900) 1 re 49 3, 800 7, 840 182 — 
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TaBLeE No. 85.—Summary of bacteriological observations~-Monthly means at all 
stations by months, 1914 and 1915, with related data—Continued 


q OCTOBER 1 TO 15, INCLUSIVE, 1914—-Continued 
ee 
Monthly means 








Sampling stations . Time of Rapes cana 


Temper-| River [Discharge pow Turbid- B. Coli 
cis stage (second- Pitts- ity (p. per c. c. 


(feet) feet) burgh | P-™-) | Gelatin | Agar at | (est-) 





(hours) at 20? C..|> 37%-C. 

Ohio No. 358__-_-1....- 20. 0 1.9 4,930 | 1, 652 24 720 1,290 22 
IMO NO. G0 he es 20. 1 1.2 F101, Face 24 849 vi 370 11 
J ttle Miami iver espe. tt. 5.8 yi tS ee a 17 3, 890 4,740 54 
, jicking River_.....__-- 19.3 1.7 VOU 7s 8 eee 178 8, 220 8, 630 334 
M a CE cond. il Sad ieee ae ie Rated Saeed Lege! iti! bags 2, 370, 000 |4, 040, 000 | 61, 400 
Ohio INOS peste. 20. 6 152 8,410 |. 1, 799 28 177, 000 | 350, 000 7, 230 
Sinie NOleee 8 =} 2.2 18.5 1:2 8,410] 1, 828 25 15, 700 27, 400 455 
hio N 0. 488 eee oe 20,1 1.2 8,410] 1,838 27 9, 810 10, 500 309 
Miami River_.__--_-_- 18.3 271 UE: eS Se 54 1, 320 1, 490 10 
Ohio No. 492.-.__--___- 20. 0 1.2 9,060} 1,843 25 4, 440 6, 130 92 
OER Sa ll 1.2 9,190} 1,973 7 530 544 2 
Kentucky River --___.-|.-..-____- 6.8 ‘S~) Se e 14 238 369 1 
thio Ne@vngs..-.si-_—* 19. 6 2.9} 110,400} 2, 270 6 215 318 4 
Pomio NO Corr scot lof 20. 8 2.9} 110,400] 2,350 11 78,400 | _ 96,200 1, 420 
Ohio No. 619___..------ 20. 8 2.9} 110,400} 2,360 10| 44,700] 71,000] 1,240 
Ohio No. 904__-...---_- 21.3 K2 23, 700 |. 3,061 91 273. 414 15 
Cumberland River-_--- 21, 5 7.5 37300 deck ce 285 828 618 20 
Ohio No. 920_._...---... 21.2 1.9 27,000 | 3,082 122 361 479 15 
Hite NOT 9262 21. 4 1.9 39, 300 | 3, 090 120 829 894 22 
Tennessee River - - ..--- 21,6 0. 4 12,800 [ees ee 82 358 490 5 
Ohio No. 933-_.--- yee 21. 4 1.9 39,300 | 3, 100 106 644 740 36 





1 Estimated from discharge at station 543, plus discharge of Kentucky River. The discharge at Louis- 
ville as estimated from rating curve for Ohio River at Louisville is 7,510 second feet. that is, less than the 
discharge at Cincinnati. 
3 OCTOBER, 1914 

















_ Monthly means 

“- | Time of Bacteria per c. c. 
_ Sampling stations | Temper-| River [Discharge Fie! Turbid- ine B. Coli 
ature, stage (second- station 1 Y-CD io ae OCT. 

°C. (feet) feet) No.475 | P-™) | Gelatin | Agar at | (eSt-) 

| (hours) Si 20 -G4lool uo. 
47 | PRM Ge BR RS a 2 = NS ee EE, Ee le 
‘Ohi 12, 700 |..-------- 109 806 | 3, 270 61 
Pits Miami Biver’. Tie? a Soy pA il 891 4,180] 3,800 112 
3.2 FT BDO bin so oe 201 4,950 5, 550 190 
1 Creek AE AIRE eid Sake PS: reg ee 1, 660, 000 |2, 940,000 | 36, 900 
208) bed SEES 3.7 16, 900 {5.52 28 163 | 116,000 | 203,000] 16, 900 
3.7 16,900) 16.8 100! 38,400] 48,900] 1,500 
3.7 16,900| - 23.8 121 | 27,300] 27,900 929 
2.5 es 63| 2,650 1, 820 22 
27 18, 100 27.4 172} 24,000] . 24, 500 390 
5 18, 400 106. 0 98 4, 950 3,800 36 
7.5 $ Wap he ee 163 i 550 L 340 25 

: : 934 0 73 Z 
io No. 611 ina zs 29 400 266. 0 77 46, ss 5, 800 798 
Seep. ah As : ; 22, 400 274. 4 81 ‘ ‘ 
Ohio No. 619---.------- 18. 0 5. 5 
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TaBLEe No. 85.—Summary of bacteriological observations—Monthly means at all 


stations by months, 1914 and 1915, with related data—Continued 
DECEMBER, 1914 





Monthly means 


; 








; Time of Bacteria per c. c. 
Sampling stations Temper- River |D ischarge Gow, Turbi d- on: - B. Coli 
ature, stage | (second- eakion ia 2 (oat ORS Sa per c. ¢. 
C. (feet) feet) No. 475 | P- m.) Gelatin | Agar at (est.) 
(hours) at 20° C.| 37°C. 
hie NG@j501t...d—nen- 4.7 15. 2 82, 200... - 3.0 -s- 283 560 3, 630 107 
Little Miami River--_-_-_|----.----- CE Rie ae we 108 19, 000 12, 400 152 
Wicking River... .t.—, SL ---tugee= 5.2 Oe RS 275 16, 700 13, 950 152 
tL COP OGR oe e.g sciaaae hake hee anele | as eee leo EE fe oh ee tes 682,000 | 359,000} 16,000 
Ohio NO.470-<--- Juans! 4.7 15:2 SE 200 boa FS 337 52, 700 25, 700 923 
Ohio No. 482_.------.-- 4.6 15.2 88, 200 4.0 369 44, 600 14, 800 177 @ 
Ohio No. 488-------.--- 4.9 15.2 88, 200 6.9 323 84, 900 45, 400 162 — 
Miami River--__-------- 4.2 2.8 ARAM 1e<s-t05e- 37 14, 000 7, 800 255 p 
Ohio No@.8922... i... 4.6 1552, 90, 400 8.7 301 80, 200 37, 400 296 ; 
DIO N@seao. - «nade on = See 1b 2 91, 800 34. 1 288 26, 000 13, 200 175 
Kentucky River-_-.-----|---------- 8.6 4 mee t= 337 15, 500 4, 590 55 
Ohio NO7598..~<.J--2<- 4.0 15. 6 96, 500 71.1 214 9, 990 2, 400 30 
Ohio No. 611----------- a 15. 6 96, 500 79. 7 294 13, 300 3, 350 56 | 
ONIOINO..010 send ance 3. 6 15.6 96, 500 83. 4 227 15, 900 3, 600 141 
JANUARY, 1915 
Ohid NOo401 «=... 1.2 hs Dil =F FL SRO en ccc mad 213 13, 900 3, 420 41 — 
Little Miami River ---__|-..-.----- 8.8 Ay Coe ee 345 73, 700 15, 900 62 
Dieking Mivers-c-22 5-53 1-- -e 6.7 pe 2) aeperyrrapaepeare 299 20, 400 7, 760 91 
Mill CreeKees-45b-ack? hy 8¢}fsp23e03- bh saperbsit co bse st. 53 | 234, 000 54, 400 3,000 — 
Ohio No. 475_---------- 1,.6 26.2 | 183,800 |-.-.-.---- 244 14, 900 3, 120 144 
Ohio No. 482--_...----- 1.5 26.2] 183, 800 2.8 258 14, 700 2, 640 114 
Ohio No. 488-_-_.-.------ 1.4 26.2 | 183, 800 4.9 268 16, 300 2, 630 111 
Miami River-___-------- 1.0 4.3 Ge ORNS Wen a in 5S 196 53, 200 13, 000 297 
Ohio Wo. 402------- <2 1.3 26.2 | 187, 700 6.3 266 18, 400 3, 820 121 @ 
hig No: fit oa lsos aes 26.2} 190, 500 24.5 206 17, 200 2, 280 182 9 
Kentucky River .......|-----.----- 10. 2 16,200 | ...a6es 554 240 8, 400 1, 980 44 
Ohio No. 598..==-<=<=-- 1.6 29.1} 221, 600 44.5 267 13, 800 2, 780 36 @ 
Olio NO-B1l 3. catens 1.5 29.1 221, 600 49.7 307 14, 900 3, 150 52 
Ohio No. 6192.224-22=-- 1.6 29.1 | 221, 600 52. 3 306 13, 900 2, 690 43 : 
FEBRUARY, 1915 ; 
5 
Ohio No. 461 2..,.122-22 2: 35.23) 223, 00032 F282 151 10, 000 1, 350 51 
Little Miami River ---- 3.4 11.8 Ay DU | se ae mee 106 21, 200 2, 840 126 
Picking Wivers-.toresslsccadaeere 6.8 10, 540 2. 2g  8 124 14, 100 2, 140 19 
Mill Creéki- 2. ..-J-222 4 BO 1 on cao qeine 6) oe eee Sle ae oe 110 } 439, 000 92, 500 1,670 — 
Ohio No. 475.-...---..- 3.3 35. 2-| - 245, T00*{_.. 2.222 143 13, 800 1, 820 186 
Ohio No. 482__---.----- 3. 2 35.2} 245, 100 2.5 152 12, 900 1, 550 139 
Ohio No. 488----------- 3. 2 35.2 | 245, 100 4.4 138 12, 400 1, 250 70 
Miami River-__-.:----- 4.1 6.4 Dy bine sh eee ee 124 37, 500 8, 000 232 
Ohio No. 492_--..----.- 3.2 35.2 | 262, 900 5:7 143 16, 000 2, 040 227 
Ohio No. 643-.------ fe) RRE Ble gh 30.9 | 266, 800 22.0 189 25, 400 2, 360 96 
Rentucky Hiver - j-c- 2312-22225 4 == 9.8 13.200 fee ba ee 210 17, 700 2, 330 141 
Ohio No. 598_----.----- 3.0 36.4 | 309, 100 40. 0 256 18, 900 2, 240 47 
Ohio’ Nese. tot 3.3 36.4} 309, 100 44.7 269 18,200 | ~ 2,290 41 
Ohio No. 619..--------- Bas 36.4] 309, 100 47.1 261 18, 500 2, 460 34 
MARCH, 1915 
Ohio No. 461.----.--.-- 3.9 17.9| TO4L. Cee 80 6, 640: 
Little Miami River... 4,2  - 5 < jg eet eae 31 11, 100 
licking: Riven 2 36 seine eta = 4.1 eNO | on ee ck 148 6, 710 27 
WAT) Oregien cone ogni ES Sota Salon i ot UBL ES 129 | 380, 000 
Ohio No A/524.-- 2st 4.5 17.9 84, 200 V5. bs ae 90 12, 400 363 
Ohio No. 482... ..--20 28 4.5 17.9 84, 200 3.9 87 8, 580 
Ohio No. 488.22... tees 4.5 17.9 84, 200 6.8 93 9, 520 
Miami RALVOl s.: cea 5. 2 4.1 paige | 2-2 eieae 39 11, 500 
Ohio No. 492....-...... 4.4 17.9 87, 200 8.6 82 9, 110 
RIO IN Occ s.c Semmes oo eer. 16. 7 , 500 33. 7 104 8, 960 f 
Kentucky River -.-.---.-|------.--- 8.6 ye |) bg Pelee, pepe 94 20, 000 
Ohio No. 598_-.--.--.-- 4,7 16. 4 98, 800 69. 9 86 5, 040 543 ; 
Dhio NO.8F) .- --- dwar. 4.9 16. 4 98, 800 78. 4 100 5, 540 
Ohio No. 619...--.----- 4,9 16. 4 98, 800 | 82.0 100 6, 140 
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TaBLE No. 85.—Summary of bacteriological observations—Monthly means at all 
stations by months, 1914 and 191 5, with related data—Continued 


APRIL, 1915 


a se ee eS 









































Monthly means 
Tj f Bacteria per c. c. 
Sampling stations | : anes / on— B. Coli 
Temper-| River |Discharge front Turbid- - CO 
ature, stage (second- station ity (p. |- perc. Cc. 
ob (feet) feet) No. 475 | P» m.) Gelatin | Agar at (est) 
(hours) BU.20- °C. 1 ¥3T>'C. 
Ohio No. 461._-.__--.-- 1123 11.8] 40,000 |.......... 24 944 160 5 
Little Miami River_____ 14.4 Stk See Giese 47 3, 510 1, 120 98 
Licking River../......_|..--.....- 2.5 hE i Bia 161 1, 650 417 15 
Mill Creek.-.....--.--- I ED ss bhete gates baad: NE Oke be 137 |8, 440, 000 |9, 260,000 | 57, 100 
Ohio No. 475__-_______- 12. 4 11.8] 41,600 |..___..__. 26| 68, 400 100 , 090 
Ohio No. 482__..__-___- 12.3 11.8] 41,600 6.2 27| 59,100] 53,300 868 
Ohio No. 488_--_-_---_- 12.0 11.8| 41,600 10.3 26| 87,300! 78,400 946 
Miami River-_.____.___- 14.4 3.7 100040 ota 4] 6, 380 , 300 13 
Ohio No. 492.__________ 11.9 11.8] 43,500 12.7 28| 76,700} 67,700 660 
OS iis 12.0} 44,200 50. 6 16| 11,100] 10,300 239 
Kentucky River___.___|_-----.-_- 7.3 ey eee ee 28 900 343 1 
Ohio No. 598__-----__-- 12.8 10.0} 48,300 112. 5 12 935 220 3 
Ohio No. 611_.-------_- 12.8 10.0! 48,300 128. 8 15 1, 220 350 27 
Ohio No. 619.....--..-- 12.8 10.0! 48, 300 133. 8 19 8, 590 3, 140 63 
MAY, 1915 
i 1, 530 72 
Ohio No. 461.._.-_----- 19.0 147) 00,0007. ee 45 2, 930 : 
Little Miami River__..- 18.2 6.6 ie ae frases } 724 38, 600 ee 15 
Oe eee ea B 3). Solan Bae -rt set ’ 187 |5, 170, 000 |5, 970, 000 | 142, 000 
IVEill Creek-=. 25--—) rain Be Do. tee > 2 sce he a ee BL 24 7 ’ 400 ’ ’ 00 ? 730 
ilo NOLAIO Ls...) te 18. 8 14.7 56, R00 Ts. - fae ue 3 ; ono rig 
Ohio No. 482 vee 18.7 14.7| 56,000 5.2 276 | 49,600] 54,1 ; 
epee 8.8 310 | 51,200| 58,400] 1, 230 
ee Nie i--- 7 2>-- as ek “ha. 129| 5,730| 3,240 28 
iami Ri 4 1 5 BAO 1c. 3 3 48 et " : 
Seas be © Riek tend 18.8 14.7] 58,800 11.0 328 | 43,800} 47,500} 1,680 
be axt SER TASS = 2 236 | 28,100. 32,000 770 
13.2 | 59, 700 43 ; 100, 
ont ee Omi OO ote AR pice 7 Sad SSA hasdecbece: 88| 3,240] 3,590 27 
Ohio No. eaente men 19.2 11.5 | 63,800 95.7 171 4, 790 3, 450 47 
JUNE, 1915 
> So: ee eee 22, 2 16.7 | 69,500 |.....-.--- 281 i 760 2, 100 49 
Little Miami River---.- 21.9 f F S os w-reseeree + oe 6700} 14° 200 293 
Licking River...-------|----->--.- 9-4 Oe ges ”'503 |1, 430, 000 |1, 720, 000 | 145, 000 
Mill Creek__..---.----- 21s B | -~- one op -|~ann= = des of -- 4 -b <3 413 | 23,700} 27,800} 1,320 
Ohio No. 475......--.-- 8) RT| ae s00( 3 | 427 | 25300] 24900] 13440 
Ohio No. 482__.-----.-- axe 16.7.1. 74.800 7.4 430 | 33,100} 35,900] 1, 200 
Ohio No. 488..---.----- ne “4 | 4°930 446 | 10,300] 11,000] 208 
Miami River. .....----- 22.2 eda "> ee 63| 3871 34100] 34400] 1, 580 
Ohio No. 492._---.----- 22. 3 16. 80, 200 36. 3 374 16, 800 15, 000 296 
Ohio No. 543-----------|---------- ie 5 10)... 477 | 35,000} 29, 700 139 
Bete tio-Ge =| 22.9] 15.8) 94, 100 77.5 246| 3,540] 3, 220 56 
CS RE ahh ng A ra saree we oe 
JULY, 1915 
ze ’ 127 
Ohio No. 461...-..----- 24. 9 Li 5 aa oF a 300 13900 114 
Little Miami River-----|---------- s 7'370 |_........- 982} 24,100] 16,700 618 
Licking River----------|---------- : bebe, RE 587 |3, 350, 000 |7, 530, 000 } 219, 000 
mill, Creek. -_. - - + -.+4- aad |----+-5 3-|-2- 75-900 |. 21s. 642 | 45, 900 ; 3, 300 
Ohio No. 475..---.----- ed nO "200, 4.2 605 800} 37,700] 1, 760 
Ohio No. 482___--_----- —. neg aS 4 7.3 632| 40,000} 42,200} 1,470 
i 2 ea I. . : 992 28, 000 17, 20 
Miami Waiver. 2222022222 anf bP ashet 9.2 751| 43,800) 39,800} 1,400 
MOhic No.402. 17.3| 86, 500 4 
Ohio No. 492 + 24. 9 35.9 410 | 100,000] 58, 900 
ithin No. 6430...) aecct------=e4- 16.4.| 87, 800 968 | 86,7001 50, 900 168 
Bientocky River... |... -.- SY 24 eS 7 314; 4.510; 4,500] 102 
Dil NO80B.cccccccccl 25. 6 16.8 | 102, 75 1 , 
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Tabte No. 85.—Summary of bacteriological observations—Monthly means at all 
stations by months, 1914 and 1915, with related data—Continued 
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AUGUST, 1915 


Monthly means 

















: Time of Bacteria per c. c. ‘ 
stations : On : 
si imameaioe Temper-| River |Discharge] ;.0% | Turbid- B. Coli 
ature, stage (second- station ity (p per c. ¢. ‘ 
C. (feet) feet) | No. 475 | P-™ Gelatin | Agar at | (St) 
(hours) BG a) Cat ae 
Ohio Noss6l.. 2 2. 24. 0 13. 9 os he) fe i 172 4,780 3, 150 121 
Little Miami River__-_-]_____-___- 8.5 py 2 1 lal SB al 576 33, 100 44, 200 232 
Licking, River... Ser) see o.2 is VS ate 660 21, 500 14, 000 252 
Mill Creek_--_-2-.-22-- SO RUD | oP ase eles sinteinmy shh sore =) 211 |2, 720, 000 |4, 610, 000 | 106, 000 
Ohio NoL#7527___ tee 24.1 13. 9 Sy Dh 00 A i 273 43, 200 51, 900 1, 800 
Ohio No. 482_-___.22._: 24. 0 13.9 54, 800 5.1 280 35, 300 35, 400 1, 100 
Ohio No. 488______-._-- 23. 9 13. 9 54, 800 8.6 - 261 , 800 54, 500 | 1, 180 
Miami River_.-_-.----2 21.9 4.7 EM: hea 444 54, 400 28, 700 791 
Ohio No: 492.______-__- 23. 9 13. 9 , 200 10.8 332 73, 500 64, 200 1, 570 
Ohio Novetee*___ § es che we 13;3 61, 100 42.2 257 78, 300 | » 47, 700 344 
Kentucky’ River . 22 |... 7.8 he 1 a 359 55, 400 44,700 139 
Ohio No.598.___ 4 S38. 24,3 12. 4 66, 400 93. 2 157 3, 730 2, 810 56 
SEPTEMBER, 1915 
Ohia Wo. 461 22:2 13. 8 BR SOO ion tates te 160 3, 790 2, 300 | 66 
Little Miami River~=:-|-.2....-2¢ 8.3 peed, Pee eS 193 20, 100 15, 600 262 
Licking! Rivet_i:.) Yee ao. 2. 2s 2.3 By a eS 206 14, 600 12, 900 139 
Mill Creek_.2._.--- 201. WAG |. deeb SS, 161 |2, 150, 000 |3, 740,000 | 42, 000 
Ohio No: 4752.__..--2.2 22. 5 13. 8 52, FOO 075 0-25 eee 174 44, 900 60, 300 1, 380 
Ohio No0/482. 002.2 22. 6 13. 8 52, 100 5.7 177 50, 100 56, 700 1, 850 
Ohio No/48820. - Pee - 22. 6 13. 8 52, 100 9.5 163 48, 200 54, 900 1, 330 
Miami River____._____. 20. 8 4.8 6,400 Te... bs - 145 21, 400 14, 200 306 
Ohio No. 492-________-- 22.3 13. 8 58, 400 11.8 185 42, 200 44, 600 1, 120 
hic N OsG43S_ 32. 3S a ete 12.9 59, 300 47.9 - 201 96, 400 82, 900 958 
mentuck? River - if Ad. fee Tok 2, 200 Ae. Pee - 254 56, 000 50, 000 425 
Ohio No. 598_____- att 2 22.6 11.7 61, 200 104.9 114 2 900 2, 880 71 
OCTOBER, 1915 
Ohio No. 461_.--------- 16. 0 TG ROR cece t 157| 4,400} 2,000 65 
Little Miami River. -_-|......_.-- 7.6 }, Sap be de 136 18, 000 10, 700 189 
Qicking.River.....f2i.4---..-L%2- a3 2 'S60V72. 1 .& 24 424 6, 900 4, 000 ye 8 
Mill Creéke. 2.2.58 15}4: |. eke a et 158 |3, 590, 000 |2, 960, 000 | 82,300 
Ohio No. 475..__-.-- ey 16.6 16.1 710; 2004. LM L 169 42, 300 39, 200 |” 567 
Ohio No. 4822.5...- 2... 16. 5 16.1 70, 400 4.6 174 76, 400 70, 900 1, 320 
Ohio No. 488_____.-2.-. 16. 6 16. 1 70, 400 8.0 164 90, 400 69, 600 1, 860 
‘Miami Rivers... i. .-- 15.3 4.4 4, G80. tye 118 23, 800 8, 370 212 
‘Ohio No.‘492_-.._- 2-2. 16.5 16.1 , 000 10.0 175 61, 000 43, 400 1, 230 
Ohio No.'548./__..-/2.- a a 14.7 76, 100 38. 4 153 21, 300 13, 900 159 
Centucky River_ 2 Jui we. _ 4. eu: 8.1 6, S00 Vi ..2 k ee 197 13, 700 9, 760 42 
Ohio No. 598._.___- was 7 16.5 14.3 85, 100 83. 4 146 4, 600 3, 070 65 
A 
NOVEMBER, 1915 
Ohio No. Abhi scot 10.0 15.9 63200. boc ases ccs 89 6, 630 2, 080 41 
Little Miami River ----|..-..____- y ald SC fy ene SE 71 31, 700 16, 500 42 
Bicking River__--j208 4 Lee 3.8 BESO Vote oT eee 135 15,100 | 9, 340 280 
Mill Creeks. £7... | Qe. 15 ee ee ee LC ee 2 120 |2, 680, 000 |2, 270,000 | 36, 600 
Ohio No. 47522. 3 We 10, 4 15.9 5S, GOO t=. Te 2" 96 97, 100 , 200 819 
Ohio No. 482____./_/2_. 10, 2 15.9 58, 600 5.4 92 | 121, 000 88, 700 1, 090 
Ohio No. 488_._____2-_- 10. 2 15. 9 58, 600 9.0 93° , 200 61, 100 815 
Miami River_:___...22- 8.8 4.1 3, Bros Leet 44 23, 900 15, 700 213 
Ohio No. 492. ____.-.._- 10.3 15. 9 62, 000 11. 2 79 72, 700 53, 500 | 905 
Ohio No.'6434 _ 1 oe ye oie 3 a 62, 900 44,2 115 39, 300 27, 000 338 
Kentucky River._....-|........ 83| 7:060|........ 173| 9,280} — 5,720 6 
Ohio No. 598.....---_.. 10. 5 12.6 | 72, 500 98. 3 118 7, 120 3, 360 44 < 
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y of bacteriological observations—M. onthly means at. all 


DECEMBER, i915 


8, 1914.and 1915, with related data—Continued 





Monthly means 





Sampling stations 
Temper- 
ature, 
SCs 


Ohio No. 461___-_--2-.- 
Little Miami River_-__|____.____- 
Licking Ri 


Mill Creek 


Ohio No. 475 
Ohio No. 482 


mmo NO. 456... =~... 
Miami River_____.----- 


Ohio No, 492 
Ohio No. 543 


Ohio No, 598 


Ohio No. 461 


Little Miami River 


Ohio No. 492 


Kentucky River 


River 


stage 


(feet) 


Discharge 


(second- 
feet) 





BeniG ING@tpso ss. 0; ie... ee. 
Kentucky River --.--._-|..-------- 
Ohio No, 598-----.----- 


MhiowNos46t-- -..---- 
Little Miami River 
LE SNe 4h) SS ee 
mite 1vO, 410----------- : 


Ohio No. 492____.------ 


meuno No. aie. 2 + ey 
Little Miami River ----|---------- 
Backing itiver.___ 2 =-- 2/2. ------ 
m0 NO. 470_..-------- 







Kentucky River-.------|---------- 
Ohio No, 598 


oo 


We cw Oo GO 


RIOSSaSsSsowos 
DOW WANT OOWWrE Ww 


OOHRRORD RAIN 


11, 900 


220, 000 
220, 000 

13, 480 
233, 480 
237, 000 

12, 120 
287, 000 














Time of Bacteria per c. c. 
he Turbid- ae 
; ity (p. |-—— ; 
_ Station A m.) 

No..476 hye te Gelatin | Agar at 
(hours) St 20 CO Ae S72: 
Pps ape ge Kee 182 18, 900 2, 420 
ch ae 70 30, 900 10, 500 
see ene 255 17, 500 5, 400 

' 231 | 388,000 { 193, 000 

MEE By 2G 211 27, 200 5; 930 
Sink 210 25, 500 4, 220 

5.9 198 22, 800 4,180 

Rye Pat, 153. 40, 000 9, 500 
7.4 198 25, 000 4,870 

24e4. 178 21, 300 4,030 
bypeath 1-Ee a 319 24, 400 6, 050 
ble? 293 60, 100 4, 870 

p PO ae 235 | 29, 400 2, 940 
Je os Seis 328 50, 300 7, 600 
Pr: 5 a8 477 32, 900 4, 800 
pete. e 2 277 25, 200 } 3, 800 
2, 04 288 25, 800 3, 900 

3. 86 284 27, 000 3, 620 

Dy es Coe 4 3 432 85, 800 16, 400 
5.13 315 34, 500 4, 800 

20. 10 364 38, 400 6, 500 
grape ae re 599 43, 200 6, 800 
36. 46 364 35, 500 4,800 

Pee th ea 207 20, 500 1, 850 
big fins? A oe 114 18, 800 4, 000 
BEM ae are 300 22, 600 3, 600 
gfe psy epee 234 14, 300 3, 300 
ek 238 13, 800 2, 900 

4.6 240 14, 000 2, 850 

Cie rae te 167 28, 000 11, 300 
6. 0 257 15, 600 3, 300 

22.7 249 15, 900 3, 600 
Nes Be 212] 15, 100 2, 700 
41.3 332 29, 200 4, 200 


MARCH, 1916 


329 





33, 800 
52, 200 
25, 100 


32, 300 


2, 560 
15, 400 
5, 200 
4, 000 
3, 700 
3, 600 
13, 300 
4, 400 
» 3, 400 
3, 800 
4, 000 





7] > ; : 
Ohio No. 461.:.-------- 9.8 98.5 | 198,000 |-..-----+2 107 8, 080 : 708 19 
(Little Miami River .------------ OS Beate: SST Ato T esa (cat 
a Sy epee _ | ee 98.5 | 207,000 }..----2--- 105} 11, 100 s 600 8 
Oh > Snare 9.9 98.5 | 207, 2.7 107| 11, 500 , 200 8 
Ohio No re ae ane 2 9.9 98.5} 207, 000 4.8 107 1 600 5 280 102 

earn 4 tas. 1 Bid .7, 480 ee-2 228-22 F 
he pis ete Sone 5 8 98.5 | 214, 430 6.1 118} 12, 900 5 800 160 

i a ar ae 98.5 | 217, 600 23. 4 92] 21, . 
le Ses bea 8.6 o fie € ooo 95| 16,800 8, 900 18 
orc | 109 31.7| 258, 42. 6 151] 9,900] 2, 000 29 





mae eee ne --- 
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TasBLeE No. 85.—Summary of bacteriological observations—Monthly means at all 
stations by months, 1914 and 1915, with related data—Continued 


MAY, 1916 





Monthly means 














Sette Time of Bacteria per c. c. 
i ions == 
Ee rage mans Temper-| River |Discharge Saat Turbid- are B. Coli 
ature, stage | (second- station ity (p.. Great te ee Der Cs. C: 
C. (feet) feet) No.475 | P- m.) Gelatin | Agar at (est.) 
(hours) At) 20° C3 72'C. 
Ohio No. 461_.-...-.--- jy lee 16.9 G2 0O ed goo ae 123 3, 010 660 12 
Little Miami River--_-_.|-.....-._- 7.9 1/3409) ce ee 114 7, 700 3, 100 30 
Licking River... oct bm: 2.8 Pigee hago baie aah 5, 400 2, 200 op 
Ohio NOM oe... tot 17.7 16. 9 96, BOD .-4- tae ee 146 26, 000 27, 500 601 
Ohio No.4622-3.-25..-* 17,5 16. 9 96, 800 3. 6 137 29, 200 30, 400 586 
Ohio No. 488_.....-._-- 17. 5 16. 9 96, 800 6. 4 139 43, 800 37, 200 546 
Miami River_....-.---- 17.5 §..1 8, 064 Tet od 205 19, 300 9, 800 183 
Ohio No. 492___-...___- 17.5 16.9] 104, 864 8.1 163 41, 600 37, 600 387 
OniO NOl Gad nu Poe th eb hee 16.9 | 106, 400 31.8 104 19, 100 18, 400 233 
Rontucky River i. -4.--.i = 7.3 2, Bae ews es ae 25 25, 300 16, 900 18 
Ohio No. 598......--.-2 18. 6 17.7 | 114, 000 64. 0 130 6, 300 2, 800 61 
JUNE, 1916 : 
Ohio No. 461._....-.--- 20. 9 18,4.}.. .101,'000/44...2 5 2. 306 5, 850 2, 190 61 
Little Miami River___.|-....----- 8.4 1, S004 oa, 242 22, 600 13, 800 205 
Licking: River....i2442...L74. §. 2 6,'238 US. 26 ete 485 13, 000 7, 500 183 
Ohio No. 475__.--...--. 21.0 18.4] 109, 000 |__....__. 339 19, 800 27, 200 617 
Ohio No. 482___._.-..-- 21.0 18.4] 109, 000 3.4 357 18, 800 20, 100 326 
Ohio No. 488___...._--- 20. 9 18.4] 109, 000 5.9 326 30, 300 28, 200 340 
Miami River_____-__.-- 20. 5 5. 2 8, '592,)22_.. Hie 323 19, 100 14, 200 128 
Ohio No. 492____._._--- 20. 8 18.4] 117, 592 7.6 321 35, 500 32, 600 688 
Ohio No/6432..-.. 28 AS... FR. 18.4] 119, 400 29.9 340 27, 310 19, 400 280 
Kentucky: River — 2. 222|202222s2¢ ie FA ie 2 erage 274 45, 100 33, 000 49 
Ohio No. 598..-....--.- 21.4 18.9] 126,000 58. 7 357 12, 200 4, 800 128 
JULY, 1916 
Gage heights designated (*) indicate that dam was raised during a part, or whole of the month, forming 
pool above] 
Ohio No. 461___---.---- 26. 3 *10.1 46,400 To. 52 183 914 949 ll 
Little Miami River --_--|-----.---- 6. 6 Fh olen Paria 163 5, 200 3, 200 113 
Licking River. ..302). bBo 1.9 pb and SRodn 95 4, 344 2, 400 51 
Ohio No. 475=_-_.4.-- 7. 26. 3 *10. 1 47, 200 t.... 44 222 64, 700 86, 700 1, 037 
Ohio No. 482__._-__.--- 26. 2 *10. 1 47, 200 5.9 221 48, 600 63, 600 742 
Ohio No. 488_____..._-- 26. 1 *10. 1 47, 200 9.8 227 43, 400 60, 000 767 
Miami Rivers. u..---. 25. 6 3.5 14507) £5f, 2.32. 97 1, 900 2, 200 20 
Ohio No. 492..__--.---- 26. 0 *10. 1 48, 850 12.1 209 36, 300 55, 900 783 
Ohio. No:$49.4< .2 Agel -- dpe *10. 1 49, 380 48. 1 103 18, 800 31, 100 164 
Kentucky River---_----|..-------- 6. 9 ft, hod. |, --~o-s 151 | 131,300} 117,700 352 
Ohio No. 598__...------ 27.7 ih Sgt 61, 400 107. 2 88 3, 600 4, 100 36 








AUGUST, 1916 
[Gage heights Gecigraton (*) indicate that dam was raised during a part, or whole of the month, forming 


4 pool above] 
Ohio No. 461......-.--- 26.1 9.8 506 3, 440 3, 090 34 
Little Miami River. -_-__].....-..-- 6. 4 295 24, 700 16, 600 342 
Licking Rivero. 2 eect oe cee 3. 0 895 12, 400 10, 800 287 
Ohio No. 475. .--.---2-- 26. 1 *9. 8 503 47, 400 74, 200 1, 313 
Ohio No. 482__....._--- 26. 0 *9. 8 453 61, 200 97,350 | 2,097 
Ohio No. 488._.......-- 25. 9 *9. 8 363 57, 200 83, 500 1, 880 
Miami River_.._.-..--- 24. 5 3. 4 438 16, 400 11, 100 167 
Ohio No, 492.._.._...-- 25. 7 *9.8 361 49, 100 72, 800 2, 061 
Ohio No. 643.2... LG LL La *9. 8 232 15, 900 20, 400 276 
Kentucky River. .__.__|.--.------ 7.5 26, 900 13, 300 36 
Ohio No. 598._.....-.-- 28.7 11.0 216 2, 700 5, 100 113 
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Taste No. 85.—Summary of bacteriologi } 
‘ gical observations—Monthl 
stations by months, 1914 and 191 5, with related data Contennd = see 


> SEPTEMBER, 1916 
[Gage heights designated (*) indicate that 
. a ries ies beret during a part, or whole of the month, forming 








Monthly means 











Sampling stations |, a be lng saints SI 
l emper-| River |Discharge - ‘as i 
azure, |” btage (second: pelt fey pe es es 
F ee t a! 

eet) | No. 475 | P-™) | Gelatin | Agar at | st) 
(hours) at 20° C.). 37%. 
Ohio No. 461__-.-.2-..- 22, 2 4.8| 17,4 

Little Miami River--..|.......__. Sine. dec 195 25,000 | 16,900 13 
Licking River-.-.-.22.-|.22 201212. 1.8 994 /)0_ 6 481 | 16, 200 j 220 
Ohio No.475_------_-_- 22, 2 Od ee eee 65| 170,100} 151,900 | 2,300 
Ohio No. 482... .- 2-21. 22. 0 *4.8] 18,700 13. 5 47 | 114,000} 142,200] 3, 100 
Ohio No. 488____._.---- 23. 7 *4.8] 18, 700 19, 8 43| 46,100| 49, 1, 470 
Miami River-_.-----__- 19. 5 Bd [I grep sid 71} 11,600] 3,800] 15 
Ohio No. 492.-_-___-_- 21. 3 *4.8| 19,802 23. 0 48 | 46, 500| 39, 600 900 
Ohio No. 543... -2222.-_].2..-22.-- *4.8 1] 20,100 89.7 29} 18,200] 11, 200 35 
Kentucky River. ------|-----_--_- 6. 6 GBD: | 52g 3 124} 44,000} 45, 500 16 
Ohio No. 598__.-----2-- 24. 6 6.5| 25,900} 196. 5 24 700 10 





OCTOBER, 1916 


[Gage heights designated (*) indicate that dam babs Fae during a part, or whole of the month, forming 
ntl . pool above 





~ 


Ohio No. 461.2. - ee 14,9 *5. 6 23,400 esse s242Ss 51 999 1, 160 13 
Little Miami River----|-.-...---- 5.8 120/325 22-9: 32 6, 700 5, 800 122 
Bucking tivers 4... =|. 4--.2-- 1 er v(t) aoe 243 24, 100 23, 700 135 
Ohio INO 4 76022 5.220) 15.6 *5.6 MEIVOS: | Ofi4- 225 78 | 194,400} 216, 100 5, 689 
Ohio ie a oe 15. 5 *5. 6 24, 200 10. 7 79 96, 000 98, 100 4, 797 
Ohio Wor4880 1 2.612. 15. 2 *5.6 24, 200 16. 5 73 57, 600 54, 100 1, 750 
Miami iver... 13. 6 3.2 at gl Ee es a 12 1, 600 1, 900 38 
Ohio No. 492_____._-__- 14.9 *5.6 24, 868 19. 6 6e 51, 900 49, 000 1,375 
OVI OS el eee *5. 6 25, 230 69. 6 32 10, 200 8, 100 189 
Kentucky River -_______|-_-------- 6.7 EGL3 432i ois 43 28, 600 17, 000 6 
Ohio No. 598_______--_- 17.9 6.8 27, 800 165. 4 33 833 800 6 





NOVEMBER, 1916 


[Gage heights designated (*) indicate that dam tenn cert during a part, or whole of the month, forming 
pool above 


I tte ee Ca 


mOnio No. 461_.........- 9.0 4,7 17-908) [eos s = 7 19 783 477 5 
‘Little Miami River----|_--------- 5.7 1 24 16, 500 5, 810 219 
i eiRavero oh Oeste 2: 1.6 3404. SUF. 99 2, 800 2, 000 99 
Ohio No. 475......----- 9.3 pg a A 18 | 144,800 | 102,200} 4,710 
‘Ohio No. 482......-.--- 9.0 *4.7| 18, 200 13.9 16} 178,250] 118,700| 1,595 
Ohio No. 488__.....---- 8.9 *4.7| 18, 200 20. 2 16 | 190,000 | 118,000] 3,050 
‘Miami River__.-.------ 7.6 3.2 $62. Di-. 9 11 | 26, 600 2, 900 21 
‘Ohio No. 492___._.----- 8.7 *4.7| 18,762 23. 5 16 | 204,500} 115,500| 2, 836 
‘Ohio No. 543___-_....--|..---2---- *4.71 19,040 91. 2 18} 45,300] 18, 100 925 
Kentucky River----_--.|---------- 6. 4 RR ens Te ies, 27| 10,100 3, 400 28 
Ohio No. 598._.-.--_--- 12.6 5.7 | 21,400 199. 2 18 | 2,500 800 37 

DECEMBER, 1916 
as raised during a part, or whole of the month, forming 


: ignated (*) indicate that dam w 
[Gage heights designated (*) indica pool above. ] 


ee 


Shi ; a. 4.3 *12.1| 56,300 |---------- 118 | 13, 500 1, 100 60 

Tithe Miser River....|-:.-----22 7.3 1, 690 |_-.-.----- 193 | 78,000] 16,700 190 

2 Gee 4.8 og of eae 428 | 26, 600 9, 500 122 

hio No. 475 4.0 *12.1 6 G0 1:2 =>. a. 153 34, 600 12, Biz 
hio No.482_..._-___-- 41]  *12.1| 63,600 49 158} 25,800] 8, 640 

hio No.488_.........- 39]  *12.1| 63, 600 8.3 174| 34,700} 9, 680 230 

Miami River....._.--- 4.2 Sat Ol. 496 |. ee 49 | 35,600] 5, 200 Es 

Ohio No. 492.__..------ 3.9 #12 1 | 65, 025 10:4 160 33, 500 0, 800 93 

Sp taeae aeeppdeallitins *12.1| 66, ; 4 ‘ 
alee pasar ldcw. idl fier ewe cad 
hio No. 598 oF : ; | 





918 OHIO RIVER—POLLUTION: AND PURIFICATION 


RELATIONS BETWEEN GELATIN COUNTS, AGAR COUNTS AND B. COLI | 
DETERMINATIONS 


The routine bacteriological examination of all samples included 
gelatin counts, agar counts and quantitative tests for B. coli, because 
it was thought that each of these determinations might give useful 
information supplementing that afforded by the other two. 

The gelatin count at 20° C. is the standard measure of a hetero- 
geneous group of bacteria developing under conditions of substratum 
and temperature selected with a view to favoring the growth of organ- 
isms which find their optimum environment in nature outside of the 
animal body, within the usual range of out-of-door temperatures. 

The standard agar count at 37° C. is the measure of another hetero- 
geneous group, developing under conditions which presumably are 
more favorable to the multiplication of bacteria having their natural 
habitat and optimum environment in the bodies of warm-blooded 
animals and adapted to body temperatures. 

The two groups of bacteria represented by these two siesta 
counts overlap to an undetermined extent; and it is not improbable 
that a large majority of the bacterial sBbci8s appearing on 20° gelatin 
plates from sewage or polluted surface water also appear on 37° agar 
plates from the same source, and vice versa. It is generally believed, 
however, that even though the species included in the two counts 
may be much the same, their distributions differ in that the gelatin 
count of surface water includes a relatively greater proportion of bac- 
teria originating in soil wash, and the agar count a greater proportion 
of those originating in or in close association with the bodies of ani- 
mals. Itis to be expected, therefore, that the ratio of gelatin to agar 
count will be higher in ordinary topsoil and in water polluted chiefly 
with soil wash than in sewage and in water highly and freshly pol- 
luted with sewage. 

'The relative importance and sanitary significance of gelatin and 
agar counts, respectively, in the examination of water and sewage 
doubtless varies according to circumstances. The agar count is 
presumably the more accurate index of the extent of pollution with 
the most objectionable and most harmful classes of wastes. The 
gelatin count has, however, been in general use for a longer period of 
years, especially in the examination of drinking water and in the 
operation of water purification plants; and experience in water bac- 
teriology is based largely on the gelatin counts, so that to many per- 


sons of wide experience it is more significant than the less familiar 37° — 


agar count. 


At the time when this study was begun, a number of. those entitled — 


to authoritative opinion held the view that all bacteria conforming 


to the standard tests for B, coli as applied in this work were of fecal _ 


tho 


tees) - 
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prigin. In the light of more recent. work, separating this group into 
wo subgroups of colon (fecal) and aerogenes (nonfecal) types, this 
lew is no longer tenable unless the tests applied include type diffatdny 
ation, identifying the organism in question as belonging to. the 
“true B. coli” (fecal) subgroup. Nevertheless, even without such 
pee nion the B. coli group as identified in this study, without 
type differentiation, is still a relatively homogeneous group, at least 
ar less heterogeneous than the groups included in the gelatin and 
agar plate counts, and a far more specific index of fecal contamination. 
t is, however, subject to the disadvantage that the method of quan- 
itative estimation applied, by fermentation tests, is less precise 
than the method of plate counts. 

: | 






é; RATIO OF 20° GELATIN COUNTS TO 37° AGAR COUNTS 

A cursory comparison of the gelatin and agar counts summarized 
in Tables 84 and 85 will serve to show that at practically all stations 
the ratio of these two counts varies from month to month, and that, 
as a general rule, the gelatin count greatly exceeds the agar count 
during the winter months, while during the summer and autumn 
months the agar count more nearly equals or even exceeds the gelatin 
count. The variations in this respect are illustrated in Table No. 86, 
showing the ratios of gelatin counts to agar counts at nine sampling 
stations on the Ohio River and its tributaries, for each month during 


which observations were made. 


Tas_e No. 86.—Ratios of gelatin counts to agar counts at nine sampling stations, 
| by months 











: Ratio of gelatin count to agar count (=1.0) 


: 


Sampling stations 


4 Jan. | Feb. | Mar.| Apr. | May | June} July | Aug. | Sept. | Oct. | Nov.| Dec. 






| | | RR | | | 





“Allegheny A-7__----.------|------|------ 1224) 55| 09) 04} 05] 03] O6)..0.2) 2) 
Monongahela M-12___-.---|------|------ 1154] 1211-24] 1:8 6] 13] 11 is cpm. casita 
RES Ee el oe Te Gras x. 2.3 .6 5 53 9 ig Gta See 
; Sy Cs SE hale al ee eee SO P81 Ld SB ie T6S e! oe 
os, Oe SE ERS RRS F086 CBee So ee Oe pee Pe Noe 02 Bae egy Beeson 

| ee BAe ee ool a7 t teal) Leh PE Le Cae SSPE TT 13 

CE eee 18] 59] 1.9] 23] 1.8] 1.5] 16] 22] 32] 728 
oe ok sal cg aN 39/1291 46| 27] 1.0] Lil 13] .9} L6] 123 

CG Bait a Bao 8 ees Me Case ty See’ BS ase 8 

Try Ere BOL Ltdet.Ot. 28 fowl 228 beatin ehh 2 £6 

iio SbF S00 He. mag geqeeg Td POT LIT AOL Eat .28 

ve sess be a Os Gk a Oe cs Ck ee le i a eS 

931 42] 14] Li} 10] 13] 10] 1.5] 21) 62 

go] 49| 22) 25] .9]. .5])..9} 10}. 30] 5.6 

a es Bh oT hepbel reel yet 1. Sepa 

seer Col 69] 8) 4] 66] 6] 2] 12] 20 

ots iar i 29/14| .71-5])) .6] 34] .6] 5 9p D2) 015 

i foe es Eee Sees ee ee 


95404°—24;——16 
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In any given month the gelatin-agar ratios at the several sampling — ; 
stations shown in this table vary rather widely, but within limits 
which change from month to month. Thus, in successive periods — 
in the year 1914, the maximum and minimum ratios observed at 
these stations are as follows: 


oa. teh 





Maxi- Mini- 
2 Period, 1914 mum mum 
ratio ratio 
Jatinary— Maren. 2 nn nn aba dae oa eee ena ob ee antes eae ce ee ee 145, 2 2.6 
Aprili ia b AI OLE Sih, Aa bone Ae BE RED hth Be. Mol Ae 12.9 99 
Maye ee a ees ee en ee ee Mr ee eee oe 6.3 Bi: 
June-Novembers. 252.07 i A EAD 2 FU POSER ESS ee 3.2 AF 
DGGGHIDER 3. oie 02s norco ree cope a ie or a necen  iee ea a  pae e 123 ¥.3 ; 


1 This ratio is exceptionally high, and the next highest ratio observed, 22.2 (at station 461, in March, © 
1916), probably more nearly represents the usual upper limit at the stations included in the table. , 


There is, then, a well-defined tendency toward a higher gelatin-— 
agar ratio in the winter and early spring months, and a lower ratio 
in the summer and autumn. 

At four of the sampling stations pte in the table, namely, — 
stations 461, 475, 598, and Mill Creek, sample nallsetien were © 
continued through 1914, 1915, and 1916, so that data are available © 
to show the successive changes in gelatin-agar ratios during three © 
years; and it may be noted that the change from high ratios in 
winter to low ratios in summer recurs regularly each year at all 
these stations. Averaging the ratios at each station for correspond- 
ing months during the three years, an average ratio has been calcu-_ 


lated for each month of the seasonal cycle at each station, as shown — 
in Table No. 87, following: 


TaBLE No. 87.—Mean ratios of gelatin counts to agar counts at four sampling 
stations, by months, for the years 1914, 1915, and 1916, combined 


Ratio of gelatin count to agar count (=1.0) 





Sampling stations 
Jan. | Feb. | Mar.| Apr. | May | June} July | Aug. | Sept.| Oct. | Nov.| Dec. Aver- . 


Ohio station No. 461-/!19.8] 11.0] 15.7] 85/43 ]}21 [12 |12 [11 |] 11 2.0] 7.1] 6.26 
Ohio station No. 475_| 6.7] 7.8} 6.2] 2.1] .87 67 73 | . 63 80 }..87 | Lo} Side 2.66 
Ohio station No. 598_| 6.2} 66] 7.8) 3.4/1.6 [16/11 ]/12 )/15 | 11 2.3} 5.3] 3.31 
Mill Creek. .-..-.-- 26.7 |23.9 |22.8|21.1 | 2.80 53 | .53] .47 53 | .90| 1.2 \e 1:8) 1608 


1 Disregarding the very unusual ratio (45.2) observed in January, 1914, the average for the month would 
be 7.15, which is probably a more representative figure. 
2 Data available for only two years, 1915 and 1916; sampling begun in June, 1914. 

These four stations are selected for purposes of illustration be-— 
cause they represent very wide variations with respect to intensity, | 
character, and sources of bacterial pollution, which may be briefly 
described as follows: 

Station 461.—Bacterial flora partly from urban sewage discharged 
into the river system from 150 to 600 miles above; partly from surface — 
drainage of a large rural watershed. 


, 
a a ee 
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Mill Creek.—Bacterial flora almost exclusively that of fairly fresh 
irban sewage. 

Station 475.—Bacterial flora that of station 461, plus an admixture 
of sewage from the Cincinnati metropolitan district, which con- 
stitutes from 25 per cent to more than 95 per cent of the bacteria 
present. 

Statcon 598.—Bacterial flora practically the same in origin as that 
of station 475, but greatly reduced in number by natural agencies of 
purification, which presumably have also effected some change in 
the relative numbers of different species. 

‘The seasonal variations in gelatin-agar ratios at these four stations 
are similar in kind, but with distinct and fairly consistent quantita- 
tive differences. Thus, with few exceptions, the ratio in correspond- 
ing months is highest at station 461, next highest at station 598, 
next at station 475, and lowest in Mill Creek. These differences are 
consistent with the usual view that bacteria of the 20° gelatin group 
are relatively more numerous in soil wash and those of the 37° agar 
eroup more numerous in sewage. Thus, the proportion of the 20° 
velatin group is highest at station 461, where presumably the bac- 
teria from soil wash form a larger proportion of the total than at any 
of the other stations; it is least in Mill Creek, where the greatest 
proportion of the bacteria are of sewage origin; and at station 475 
it is, as expected, intermediate between these extremes. Comparing 
stations 475 and 598, it might be expected that the natural agencies 
bringing about a bacterial reduction between these stations would 
affect the bacteria of the 37° agar group relatively more than 
those of the 20° gelatin group, resulting in a higher gelatin-agar 
ratio at 598 than at 475, since the gelatin group presumably com- 
prises a larger proportion of species which find a favorable environ- 
ment in water. The higher gelatin-agar ratio expected at station 
598 upon this hypothesis is actually noted there. 


RATIO OF 37° AGAR COUNT TO B. COLI 


The varying ratios of monthly mean agar counts to B. colt at 
the nine sampling stations already cited in the study of gelatin-agar 
ratios, are shown in Table No. 88. At each station the ratio varies 
from month to month, but so irregularly that there 1s little or no 
evidence of a regular seasonal cycle such as is characteristic of the 
gelatin-agar ratio. The average ratios for each month, based on 
three years’ results at stations 461, 598, 475, and Mill Creek, as 
shown in Table No. 89, are likewise irregular, with no well-marked, 
Comparing the several stations, there 


rogressive seasonal change. 
- tent tendency to higher ratios at one 


is again no regular or consis 
‘station than at another. 


2 
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TaBLE No. 88.—Ratios of agar counts to B. coli at nine sampling stations, by months — 


Ratio of agar count to B. coli (=1.0) 


SOBA A MAGE 


Sampling stations | Year Pe MmAN BAIT TT CESAR REME TRCE PSST TEIN IR ROMA 
Jan. | Feb. | Mar.| Apr. | May | June] July | Aug.|Sept.| Oct. | Nov.} Dec. 


——— | ue lium |—um|\q— qe —_ |_|“ —  — i me |\_|_—_—_——._ 


Allegheny A-7__-.--- 1914 |. aoe 80.0 | 33.3 1416.0 /471. 0 278.0 |204. 0 |152. 0 |190.0 |--..._|.----- e 
Monongahela M-12_-| 1914 |______|_____- 15.0 | 16.7 | 13.7 |220.0 | 50.0 | 31.4 | 45.0] 55.0 |------]---_2- : 
Ohio No, 3_.:------- 1914] 5.1/4.5} 6.6122... 12. 4 | 69.0 | 83.5 |132. 0'| 56. 6 |211. 0 |_22--2|-.---- q 
Beaver River_-____-- Old Are Pees: 16.7 | 14.7 | 14.91 15.6 | 20.4) 12.7] 10.2 [2-22 fete 5 
Ohio station 65. Cot lO Nl ie ee tee ea tee ee 13..3 |113..0.| 60..0.). 4450}! 9. 2 130. 3. }.24.. 42-3 =, 
. 

Ohio station 461____- 1914 | 25.9 | 27.2 | 42.7 | 26.6 | 20.5 |190.0 | 57.1 | 52.5 | 64.0 1124.0 | 60.0). 33.9 — 
1915 | 83.5 | 26.5 | 29.5 | 32.0} 21.2] 43.0 | 30.2 | 26.0 | 34.8 | 30.8 | 50.7] 86.4 

1916 |117.8 | 68.6 [134.8 | 37.1 |.55.0| 35.9 | 86.4 | 90. 8 |220.3 | 89.2 | 95.2] ..18.3 

Ohio station 475-___- 1914 | 23.5 | 10.9 | 25.6 |' 32.2 1149.0 | 80.9 | 23.8 | 27.8 | 32.8 | 48.3 | 62.9 |- 27.8 © 
1915 | 21.7 | 9.8] 6.8] 58.8.) 31.6 | 21.1] 17.4 | 28.9] 43.7 | 69.2 | 88.71) 22.0 

1916 | 32.5 | 26.5 | 72.7 | 39.1 | 45.6 | 44.1 | 83.4] 56.7] 66.0 | 38.0} 21.7] 38.8 

Ohio station 598____. 1914 | 88.1)| 57.7 | 86.8 | 29.8 | 28.7 | 53.3 203.0 | 12.2] 25.3] 79.5'| 31.0] 80.0 
1915 | 77.2 | 47.7 | 34.0 | 73.3 | 73.4 | 57.4 | 44.1 | 50.2 | 40.5 | 47.4 | 76.4 87.0 

1916 | 69.8 | 39.2 | 51.3 | 69.1 | 45.8 | 37.5 j114.1 | 45.2 | 80.0 /133.3.| 21.6 | 62.8 

Mill Creek --.------ TOPS |S LEERY Loe en 31.4] 2.9 |132.0| 7.8] 79.7 | 23.6] 22.4 
1915 | 18.1 | 55.4] 6.8 |162.0 | 42.0 | 11.7 | 34.4 | 43.5 | 89.2] 35.9 | 63.2] 26.2 

1916 | 41.4 | 19.5 | 47.7 | 66.0 | 43.4 |151.0 | 94.4 | 56.4 | 42.0 | 45.0 | 34.5] 81.4 





TaBLE No. 89.—Mean ratios of agar counts to B. coli at four sampling stations, by — 
months, for the years 1914, 1915, and 1916, combined 





° 1 

Ratios of agar counts to B. coli (=1.0) +e 5 
wel & 
; oe |2el|Se2 
Sampling stations be |'5 S a 
. . al © 9 bose Ese stead bo > 

ae oe i Ho is a Py et er EPS Peas) 18 

So) me bb ob Sho of Bolg [Bole bee be beat lee | 
Ohio station 461____.__} 75.7} 40.8] 69.0) 31.9] 32.2) 89.6) 57. 9/56. 4/106. 481. 3/68. 6.46. 2/63. 0157. 9165. 5 
Ohio station 475______- 25.9) 15.7} 35.0 43.4) 75.4) 48.7]. 41. 5/37. 8) 47. 5/51. 8/57. 8/29. 5/42. 5/26. 5150. 5 
Ohio station 598______- 78.3) 48.2) 57.4 57.4) 49.3] 49. 4/120. 4/35. 9} 48. 6 86. 7/43. 0/76. 6/62. 6/65. 1/61. 3 
NG G29 OGR os poco ae 1 29. 8) 137. 4) 1 27. 2) 1114. 0} 1 42. 7| 1 64. 7} 43. ites 3} 46. a 5/40, 4/48. 3151. 7/34. 4160. 4 











1 Averages calculated from results in 1915 and 1916: Sampling not begun until June, 1914. 
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RATIO OF GELATIN COUNTS TO B. COLI 


oo —_—— 


The ratios of gelatin counts to B. coli, as shown in Tables Nos. 90 
and 91, show (except at station No. 3) a well defined and fairly 
regular seasonal variation similar to that shown in the gelatin-agar 
ratio, the ratios tending to be higher in winter than in summer. 
Similarly, as between the four stations included in Table No. 91, the 
ratio tends generally to be highest at station 461, next highest at — 
station 598, and lowest at station 475 or Mill Creek. . 


a 
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TABLE No. 90.—Ratios of gelatin counts to B: coli at nine sampling stations, by months 











“4 Ratio of gelatin count to B. coli (=1.0) 
Sampling stations ae 
Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept.| Oct. | Nov.| Dee. 





Ui 698. Gy aot anes! ad ar 961 | 182) 390} 186] 134 95 97 39 


fonongahela, M-12_____|___-_-|----_- 171| 186] 27] 400] 28]. 43] 50] 50|--.---|.----- 
i TOSSES 9 Sega: Cae om ee 44°F. BEY 27 eS Sh EMD ET! SOE TS9Sh ia Pe ee ess 
GR RRR Feeney Seared 67 |, 27]. 21 UR Rs re eet 5 ee Seat 
Mad, Breen 02 usa Ab. bent ie oat tee 68 19 15 61 ribs 
I RI TRIN TEIN ee ae te tates Mintel pixie Nebdba 4 ecitba seca Hci Gea W 
MINI AL AUS 1,170 | 390 945 | 178} 129] 220 46 50 25 77 65 43 
iM) is) JSS een 3 196 350 189 41 97 54 40 57 68 162 676 
NONE FT. 95. 2S 3 1,176.| 760 | 1,780 | 478 | 251 96 83 | 101] 286 77 | 157 225 
Yhio station, 475 
DIMER oer ar 4: 203 | 126 167 86 85 41 16 14 18 24 79 57 
pL De Oe Sie aS ae 103 74 34 63 33 18 14 24 32 75 119 101 
“ 1916__- Ee ease hee S752 7 215 114 512 94 43 4° 32 62 36 74 34 31 109 
)hio, station 598: 
meaOider fey FG Ne 268 522 35 31 59 | 292 21 64 54 52] 333 
SAUCE a Se 386 402 315 | 312 102 63 44 67 4] 71 162 538 
dO Geers 2 foe. esi ii 514 73 413 | 340) 103 95 | 100 24 70 | 1389 68 352 
Jill Creek: 
| raoscsic::. ac tly 2 GRO eS eager es file Pa eRT Pule ee ceo e 10 2 53 3 45 30 43 
wo 78 | 263 18 | 148 36 10 15 26 51 44 73 53 
PONGoyel gee ou 291 59 137 M7 31 76 47 24 25 40 43 125 


TaBLE No. 91.—Mean ratios of gelatin counts to B. coli at four sampling stations, 
_ by months, for the years 1914, 1915, and 1916, combined 








Ratios of gelatin counts to B. coli (=1.0) 


Sampling stations | 
Jan. | Feb. | Mar.| Apr. | May | June | July | Aug. | Sept.| Oct. | Nov.| Dec. 


4 





Yhio, station No. 461_} 895 | 449 |1,025 | 282; 140) 138 61 64 | 1 128 74 | 128] 315 308 
Yhio, station No.475_| 174} 105 | 238 81 54 30 31 25 41 44 76 89 82 
Jhio, station No. 598_| 2450 | 314 | 417) 229 79 72 | 3 145 37 58 88 94 | 408 199 
sd eee aleabaehaiahdl 2184.12 161 | 278} 2132 | 734 32 21 34 26 43 49 7 72 





£ 








1 Average ratio for two years, 1914 and 1915, is 41. 
2 No data for 1914; average of 1915 and 1916 ratios. 
3 Average ratio for two years, 1915 and 1916, is 72. 


at: bray SUMMARY 


Although the foregoing discussion has referred to results at only a 
ew sampling stations, the facts noted are of much more general 
application, as is readily seen from review of results at other sam- 
pling stations on the Ohio River and its tributaries, as shown in the 
basic: tables. From these data it is evident that there are no con- 
stant. quantitative relations between the three broad groups of bac- 
ceria distinguished by the 20° gelatin count, the 37° agar count and 
the standard tests for B. coli, respectively. The gelatin-agar and 
yelatin-B. coli ratios are lower in sewage and in waters highly pol- 
luted with fresh sewage than in water more remotely polluted with 
sewage and carrying relatively more soil-wash pollution, tending to 
confirm the usual view that the gelatin count group 1s more character-. 
istic, of soil, wash, while the agar count and B, cols groups are more 


characteristic of sewage. 
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The ratios of gelatin count to agar count ‘and of gelatin count to 
B. coli undergo regular and wide seasonal variations, such that 
during the winter and spring months there is a great relative increase 
in bacteria of the gelatin count group as compared to both the agar 
count and B. colt groups. The agar-B. coli ratio shows no such 
regular tendency to seasonal variation nor to consistent variation 
in waters differing in intensity and freshness of sewage pollution. 

The increased gelatin-agar and gelatin-B. coli ratios are character- 
istic of the seasons when the run-off of the Ohio River is ordinarily 
greatest, and it might seem, therefore, that the changes in ratio are 
accounted for by the increased proportion of soil wash and the 
decreased proportion of sewage carried by the river in such seasons. — 
However, the same changes in ratio are noted in Mill Creek, where, 
even in periods of greatest run-off, the total numbers of bacteria 
from soil wash must be small in proportion to those from sewage, 
and ordinary sanitary sewage shows similar changes. Also, it is 
noted that the changes in ratio in the Ohio River correspond more 
closely to season than to hydrographic conditions, the latter being 
markedly different in corresponding months of 1914, 1915, and 1916. - 
Apparently, therefore, the changes in relative numbers of these groups . 
are biological phenomena related rather intimately to temperature. 


POLLUTION OF THE OHIO RIVER IN ZONES FROM WHICH WATER SUP-— 
PLIES ARE TAKEN 


The Ohio River is the natural and most readily available source © 
of water supply for all the cities situated upon its banks, excepting — 
the few small cities which have ground-water supplies available in 
sufficient abundance for their needs. Including Pittsburgh, which 
takes its water supply from the Allegheny River about 7 miles above 
its confluence with the Monongahela, the Ohio River furnishes 
municipal water supplies to 31 cities, having, in 1915, an aggregate 
population of 1,778,000, of which 1,216,000 is comprised within the 
cities of Pittsburgh, Cincinnati, and Louisville. 

The contamination of these water supplies with pathogenic organ- 
isms, causing typhoid fever and other water-borne infections, is the 
most serious danger arising from the sewage pollution of the stream; 
and adequate protection against this danger will, in all probability, 
be the paramount consideration in whatever measures may be taken 
in the future for controlling the pollution. The first question to be 
answered as the basis for future sanitary control of the stream is, 
therefore, What constitutes adequate protection for the water sup-— 
‘plies taken from it? 4 

There is no question as to the fitness of the waters of the Ohio 
River for use without purification. A general knowledge of the 
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drainage area and of the sanitary history of the cities which have 
in the past taken their water supplies from the Ohio River without 
purification are sufficient, without the evidence of bacteriological 
examinations, to establish beyond question that throughout the 
length of the river its waters are so polluted as to be wholly unfit to 
be used for drinking without efficient artificial purification, and that, 
even if the direct sewage pollution were reduced to an absolute 
minimum by the utmost possible purification of all urban sewage, 
artificial purification of water supplies would still be necessary for 
removal of turbidity and for protection against dangerous contam- 
ination from rural drainage. 

A purification plant of the highest efficiency reasonably attainable 
may, therefore, be considered an indispensable element in the pro- 
tection of any water supply taken from the river. Another neces- 
sary element of protection is, of course, that each community should 
locate its intake above its own sewer outlets and other drainage—a 
precaution commonly disregarded twenty years ago but now uni- 
versally observed by Ohio River cities. The third measure of arti- 
ficial protection to be considered is purification of the sewage from 
upstream communities. In view of the expense and other diff- 
culties incident. to the enforcement of sewage purification, it is 
generally conceded that this measure of protection should be resorted 
to only: as actually required to supplement the protection afforded 
by dilution, by the processes of natural purification in rivers, and 
by artificial purification of water supplies. Therefore, the pollution 
in zones from which water supplies must be drawn should be con- 
sidered from the standpoint of the fitness of the water to be used, 
after such purification as can be achieved by modern methods at 
a reasonable cost and without too greatly narrowing the margin of 
safety which every water-purification plant should have. — 

Sampling stations corresponding very closely to the intakes for 
municipal waterworks were located at station A-7 on the Allegheny 
River, opposite the intake of the Pittsburgh waterworks; and on the 
Ohio, at stations No. 65, above Steubenville, Ohio; No. 88, above 
Wheeling; No. 348, above Portsmouth, Ohio; No. 461, above Cin- 
cinnati; and No. 598, above Louisville. The results of bacteriolog- 
ical examinations made at these stations are given in the corre- 
sponding sections of Table No. 84; but for convenience of comparison 
the observations made during 1914 are reassembled here in Table 
No. 92, showing, for all six stations, the monthly means of gelatin 
counts, agar counts, and B. coli determinations, respectively. 
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Taste No. 92.—M onthly mean results of bacteriological examinations at sampling 
stations corresponding approximately to intakes for municipal water unload 
1914 | 
































Months A ; 
Station | Station | Station | Station 
348 461 598 , 
| eos pe lh rl 
January. >--eneyderpe ~11s.-shep yay pdt a emer - shed feeneeet 3 eeenal oa 19, 900 |. ------2 2. ; 
QUT UALY <ooine ine eae Se See eee eine eee aiel ie Senet, Ae eee Se ere 12, 500 19, 500 22, 800 — 
VST CR ose pence. pee Eo DB ot ce BP ot cost (eth OOOvicgs - ent hee Pog 8, 200 18, 900 16,700 — 
April a.-s- pep svg ea itl u ere k he ab Oiwces . oe Beet oe 3, 400 4, 620 3, 830 
May so n ct econ natn cs Se cee ee PO Oy ORI sete ee soe eee eee 1, 240 2, 450 3, 050 — 
JONG | oo ee ee eo ee eh ee Pe ee Soe ren 334 220 648 
ATU. e ie kde hed veces aca eee eee 607. 872 320 292 4 
Bas ek hot hrapecaniedee Peleg dem dala 98 . Se fae ted 670 954 1, 200 2,140 
Septembef s. 45 - Seec eee ce bee) dere 530 790 500 1, 280 © 
99 ULI) Tn apg a Salling came ll ices Aesth es ae < gat} 24 352 522 850 218 € 
Woveriber LON IOIE | PO ESS * OE pee re es 130 206 ‘ 
DeCeM Der .5~i's sob — oo ope t5 ds eek pete lo ee lances coal epee eae ope reser 4, 560 9, 990 
January=Mareh £. sec.. deb be a ee Ed > is BOD epee ser | a oa 10, 350 19, 400 19, 750 
Je WC G1 1 gecre tee lic pels ges Ried ha iy wit A | i: Begala iat, Hae aurea 2, 320 3, 535 3, 440 
Taare OLS ois B ain es ohana a 540 |- 694 618 915 ¥ 
Bacteria per cubic centimeter on agar at 37° C. a 
Months . 
Station | Station | Station | Station | Station | Station 
- 65 348 461 598 
Janvlary..+6--.4- bt ease esse teiede teh aetioen ct ert ten 816 440 2,130 = 
JU >|n tn Ui pein allege! cme oean Ras CADE AEY Wt ea 6 By ba P CHEN eT ER. 993 1, 360 4,900 
IV arch é 935. lene dees Sena a eee Beek G40 re. 4 See 630 854 2, 780 ¢ 
TY | rT ey eT PE! RE 400i1-13- abekenosi- 1, 060 690 3,250 
EG s sees. ao eee eS ee 6, 250 519 447 904 390 2,780 
PUTO eee ee ee eee 20, 700 1, 580 1, 540 440 190 586 ; 
Jilly... ot - bee des_ seeds eect. ye 9, 460 780 660 1, 290 400 203 
Tigi eee eee 22, 900 835 720 1,720] — 1,260 1, 250 — 
September .f 1.4. etd cee eee. ee Be 16, 000 884 388 816 1, 280 506 
October as _ _ceee ee ee ee eee 8, 350 212 213 836 1, 370 318 
INOVEINDEDE 2 otek rece et on Me ee aa ee ee OR eee 120 124 : 
DIOCa1 Dl ae vey ned ance eran Bet he Lieauod th th rest tees. be ots 3, 630 2,400 
BEI UW ei ated, ath AOE cin eS waited Waders whims Rae acie se - 
January-March: _- ce i cl el ein 3 O40: bee ee cals Se ht 813 885 3,470 — 
April-May chee ee ee ee 3,020 519 447 982 540 3,015 
June-Octobes 45-24-34 -2e Fate: 15, 480 758 704 1, 020 .900 573 7 
f 
B. Coli per cubic centimeter . 
Months 
Station | Station | Station | Station | Station | Station 
A-7 65 88 348 461 598 
JQRUSTY feet cee ae ee ee a Te See Miele Deen be eee 21 17 31 
Kebruary... 134-05 peas aun - 44-0 ethet hte. aon (he. de Ole 51 50 85 
SECM Sa eee ee ede ee eee Bree eee eee ee 19 20 32 | 
ME Te Ane Sn Serene Soe ee See Pa. See ee eee 33 26 109 
LC) As eee ap ke I POE eae 15 39 28 25 19 97 
Ribs) eo por lis ee 44 14 29 9 1 113 
Sy ee Ee Fee ere eee 34 13 72 29 v - ii 
August..2 . wat. cwg MieAtp le 2) <, sale bk aus 78 19 48 25 24 102 — 
September i. [TX Faveaecer ert ses utes 105 42 43 31 20 20 
October sti 2 Ae eee ee 44 Zl 17 32 il 4 } 
Noventber, 0. acade dt De Noe fe va Ake es eee ee oe 2 4 
Decembert {2 2, REESE eee a | Sere Sie eee Peers 107 30 
Jangary=Mareh. «35... 2. dee eee S(t it es [ee eet 30 29 49 
Fae 1S aime SSR SANE LIST 14 39 28 29 23 103 
JUNO CLODEF . = se ee here eee 61 19 44 25 13 28 
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_ The observations at Cincinnati (station 461) and Louisville (sta- 
tion 598), extending over a full year, are sufficient to indicate quite 
reliably the range of pollution encountered there, especially so since 
they may be compared with further observations at’ these stations 
throughout 1915, and 1916 (see Table No. 84); and the results at 
Portsmouth (station 348), though extending over only 10 months, cover 
a sufficient portion of a seasonal cycle to. be fairly representative: 
The results at Pittsburgh (A-7), Steubenville (65), and Wheeling 
(88), on the other hand, can not be considered as really representative 
of usual conditions in those zones, since they cover only a part of the 
seasonal cycle, and. refer chiefly to a period (June—October, 1914) 
when the Ohio was at an exceptionally low stage and when bacterio- 
logical conditions were probably unusual. 

From these data, the pollution, as measured by B. coli, gelatin 
and agar counts, was highest at station A—7 (Pittsburgh), and least 
at station 598 (Louisville), during the low-water summer period, 
June to October, while during the period of high water and low 
temperature, from January to March, this order was reversed, the 
pollution being least at station A~7 and greatest at station 598. 

Stations 65 and 88, located at distances below Pittsburgh which 
are indicated in miles by their respective numbers, show remarkably 
little pollution, considering that the sewage of the entire Pittsburgh 
metropolitan district is discharged at such a short distance above 
them, and that several smaller cities discharge their sewage into the 
intervening stretch of the river. It should be remembered, however, 
that, excepting the month of May, the period of observation at these 
stations was one of exceptionally low river stages, such that the interval 
of flow from Pittsburgh to station 65 ranged from 100 to more than 
600 hours, with an additional interval of 40 to 180 hours between 
stations 65 and 88. ‘Therefore, these sampling stations, though 
rather close to Pittsburgh in respect of distance, were, during this 
period, quite remote from that city in respect of time. The obser- 
vations upon the upper Ohio are not sufficient to indicate with any 
certainty what the degree of pollution in these zones of the river may 
be during the higher river stages which are normal to the winter and 
spring months. At such times, when the series of dams (see pp. 
16, 18) which retard the low-water flow are removed, the velocity 
of the river in this part of its course is quite high, and the time inter- 
val between Pittsburgh and station 65 is reduced to 21.5 hours at 
2 river stage of 17.5 feet on the lower gage of Dam No. 10, which 
is not unusual. 

The river zones represented by sampling stations 348 (Portsmouth), 
461 (Cincinnati), and 598 (Louisville), are similar to each other in 
that they are all rather remote from any considerable sources of 
| 
| 


} 
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direct sewage pollution. Thus, the sewered population within 100 4 
miles above Portsmouth is about 56,100 and within a like distance 


above Cincinnati is 9,000, while above Louisville the nearest source 
of sewage pollution of any consequence is Cincinnati, 133 miles 
upstream. As might be expected from this general similarity of 


location the differences between these three sections with respect to — 


pollution were not very wide nor were they very consistent during 
1914. 

At stations 461 (Cincinnati) and 598 (Louisville), observations 
were continued through the years 1914, 1915, and 1916, and these 


more ample data permit a more significant comparison between these — 
two stations, which is of some interest in view of the fact that the © 


river at Louisville is exposed to pollution from all the sources above 
Cincinnati, and, in addition, to whatever pollution is added in the 
sewage of the Cincinnati metropolitan district. Comparing the 
observations at these two stations as given in full in Table No. 84, 
it is seen that the bacterial pollution is higher sometimes at one and 
sometimes at the other of these stations, but that the excess is some- 
what more frequently noted at station 598. For more convenient 
comparison the monthly mean results at both stations for the entire 
three years are rearranged in Table No. 93, in which the data (monthly 
mean) at station 461 are arranged in descending order of magnitude, 


with the results at station 598 in the corresponding month set oppo- 


site.} 


1 The averages for gelatin counts, agar counts, and B. coli are independent of each other, so that figures 
for these three determinations in the same horizontal row do not necessarily refer to the same month; but 
under each determination the data given for station 598 refer to the same months as at station 461. 
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Tasie No. 93.—Comparison of monthl } ; 
XH J , Of y mean bacterial counts at stations 461 
(Cincinnati) and 598 (Louisville), during three years, 1914, 1915, and tote 


(Data arranged in order of magnitude of counts at station 461, with counts fo 
station 598] 


FR Se Oe th Pr a 
Bacteria per cubic centimeter (monthly means) 
ee ee ae a eT 

Gelatin Agar B. coli 


r corresponding months at 


461 598 461 598 461 598 


33, 800 32, 200 3, 840 4, 500 127 102 
29, 400 35, 500 3, 630 2, 400 121 56 

20, 500 29, 200 3, 420 2, 780 107 30 

19, 500 22, 800 3, 270 700 72 47 

, rt” 18, 900 16, 700 3, 150 2, 810 66 71 
18, 900 30, 100 3, 090 5, 100 65 65 

: 13, 900 13, 800 2, 940 4, 800 61 11 

13, 500 25, 400 2, 560 4, 000 61 128 

10, 000 18, 900 2, 420 4, 870 60 72 


@19, 820 | 4 24, 950 @ 3,150 @ 3, 550 @ 82 @ 65 


9, 080 9, 900 2, 300 2, 880 51 47 
6, 850 4, 510 2, 190 4, 800 50 85 
6, 640 5, 040 2, 110 3, 220 49 56 
. 6, 630 7, 120 2, 080 3, 360 41 36 
5, 850 12, 200 2, 000 3, 076 41 44 
4, 780 3, 730 1, 850 4, 200 34 113 
4, 760 3, 540 1, 530 3, 450 28 56 
4, 620 3, 830 1, 360 4, 900 27 107 
4, 560 9, 990 1, 350 2, 240 26 109 


a 5, 970 26,650 | 21,860 @ 3, 570 439. | 473 



































4, 400 4, 600 1, 280 506 25 69 
3, 790 2, 900 1, 260 1, 250 24 | 102 
3, 440 2, 700 1, 160 800 20 32 
3, 010 6, 300 1, 100 4, 500 20 20 
2, 930 4, 790 949 4, 100 19 97 
2, 450 3, 050 854 2, 780 19 16 
1, 200 2, 140 704 2, 000 19° | . 78 
999 833 690 3, 250 19 29 
944 935 661 800 17 31 
@2,570 | 23, 140 a962 | 42,220 | 220 | 253 
914 3, 600 660 2, 800 13 6 
858 7 560 543 12 61 
806 1, 040 477 800 ist 36 

783 2, 500 440 2, 730 7 1 

500 1, 280 400 203 5 3 

320 2 390 2, 780 5 37 
220 648 190 8 3 10 

130 206 160 220 2 4 

nn ee, Se aR 120 124 1 u 
@566 | 1,280 @377 | 21,200 | @7 | @19 





From this table it is readily seen: 
(1) That there is a very definite correlation between counts at the 


hwo stations, indicating that they are in general similarly affected 
by seasonal and stream-flow conditions. ja 

(2) That the higher counts occur more frequently at Louisville than 
at Cincinnati. 
. (3) That in each range of counts at station 461, as represented 
by the four quartiles the average count is higher at Louisville than 
at Cincinnati, with a single exception in the case of the B. coli deter- 


mination.” 

@ Quartile averages. 
2 The higher average for B. coli at statio 
xceptionally high monthly mean B. coli in 
jays, and is therefore to, be regarded as accidental; hence, 
esults will coincide at two stations. When the data are arraye 
nean for the first quartile then becomes higher there. 
) 


n 461 in the first quartile is accounted for by the fact that an 
dex is usually due largely to an excessive result on one or two 
there is little likelihood that exceptionally high 
din the order of results at Louisville, the 
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It is a fair inference from these data that the excess of pollution | 
at station 598 -over that at station 461 is due to the effect of the 
wastes from the Cincinnati metropolitan district and perhaps, in 
some slight degree, to pollution carried in the Miami River, for the 
other factors intervening between the two stations (time and dilution) 
would tend generally toward a reduction in bacterial content. 

Whether or not the water in the river zones represented in Table 
No. 92 is fit for use with such purification as is practicable at reason-_ 
able cost is a question which can not be answered satisfactorily 
from the evidence of bacteriological examinations alone. At all six 
sampling stations the number of B. colt in most months was more 
than 5 per cubic centimeter, thus exceeding the limits of permissible 
pollution tentatively adopted by the International Joint Commission*® 
for application in control of the pollution of international boundary — 
waters; and the gelatin and agar counts are also rather high at 
Pittsburgh, Cincinnati, and Louisville, although there are no definite — 
standards by which to judge them. On the whole, the pollution, — 
as judged by the rather elastic and indefinite bacteriological standards 3 
ordinarily applied is at least in the upper range of what would be- 
considered permissible in raw water, but not high enough to definitely 3 
condemn the waters as unfit for use with careful and consistent — 
purification. 

Bacteriological quality of filtered water supplies.—Better endant 3 
than can be derived from the above results alone is afforded by the — 
quality of the filtered water supplies of Pittsburgh, Cincinnati, and 
Louisville, as actually delivered through their filtration plants, 
since all three of these cities have filtration plants of modern design - 
which are operated under the most careful skilled supervision and — 
which may therefore be taken as representing in their performance, © 
approximately the best that can be expected of filtration plants. 
The type of filter used at Pittsburgh, a slow sand filter with special 
preliminary treatment, is quite unusual in the Ohio Basin, and due 
to certain peculiarities in the physical and chemical characteristics — 
of the water which it treats it is hardly comparable to any other 
purification plant existing upon the Ohio River. The mechanical 
filtration plants at Cincinnati and Louisville are, however, quite 
typical of the plants in use elsewhere on the Ohio and generally 
considered to be best adapted: to the purification of water having 
the physical and chemical characteristics of Ohio river water. 
The results achieved in these plants may, therefore, be considered 
possible of achievement by other plants treating Ohio River water 
of about the same degree of pollution. 4 

Table No. 94 following, summarizes the results of eee : 
examinations of samples of filtered water taken daily from taps in — 


plicit clint doa hic ive el noe te iB Soi in ach tl on tt ek bah in A) 
3 International Joint Commission, Pollution of Boundary Waters, Report of the Consulting Sanitary — 
Engineer upon Remedial Measures, G. P. O., Washington, 1916, p. 13. x 
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ur laboratories in Pittsburgh, Cincinnati, and Louisville, re- 
pectively. The results at the three cities are generally similar. 
fhe water supplies do not conform to the high standards which the 
est of present-day purification plants attempt to meet; but at the 
ame time, even considering the dangerous pollution of their sources, 
hey could hardly be pronounced dangerous on the bacteriological 
idence of occasional slight pollution. They belong, in fact, in 
he class which, on epidemiological as well as bacteriological evidence, 


van neither be convicted of demonstrable danger nor fully acquitted 
yf suspicion. 


TaBLE No. 94.—Monthly mean results of daily bacteriological examinations of 
porns from municipal (filtered) water supplies of Pittsburgh, Cincinnati, and 
ouisville 





B. coli per 100 eubic’ 


Bacteria per cubic centim : 
B timeter centimeters 


Month Gelatin, 20° C. | Agar, 37° C. 








Pitts- | Cincin-| Louis- 


























Pitts- | Cincin-| Louis- | Pitts- | Cincin-| Louis- burgh | nati ville 
burgh | nati ville | burgh | nati ville 
1914 
Pemba oe as. ot ae =~ |b elk k 28 bh ah 42 10 8 0 0.4 re 
Peprunryeemieme - 0s e530 52 | AL 238 119 3 4 17 0 2 20 
“TT Ja ese SE ee 6 22 66 5 4 18 1 0. 4 20 
Best Se SAS ee 22 45 14 8 4 4 0 2 4 
OO SR Se 2. ee a ae 12 50 8 7 4 5 2 4 0.5 
“yi ke te oes re 10 104 14 9 70 27 2 12 i 
0 See 28 55 19 17 46 12 19 17 5 
a, Sethe: Case a eae 12 25 17 36 32 13 LF 30 1.0 
BerLemiber-¢_25......-. 22... 9 29 29 12 10 20 40 10 3 
OC)" al ave 0 i het See die eee 19 il 32 110 8. 37 13 9 6 
Try Se a a ete Ve ae 6 11 [oh ee om Be 33 AE hs Seopa 2 16 
Seti Ste he Le 69 fi) eae?) 20 771g en ae 97 5 
1915 
beriggerrreeto DIY SUE oe ALS Cole 22 pS oS Ee ee 3 1D. joe ee 6 3 
Rememery Jou Os bese ilo. elk 190 60h oe 1 hi Ny (pete Le 2 1 
sO Ss SE a ean Peeper 98 I rae ae 6 rs ean 0 0.4 
Mermenere se oe Sak Sh i te Leo. 9 | to i Ba 1 Sal ieee 0 4 
OS 2 ee er 59 SE ce a ee 44 1S ee 490 5 
Oy GY cS SSNS Si ee aera epee 11 LO ewe 6 ay | eee 8 49 
A lO 49 i 4 i ewe 20 LOGE ows 18 10 
AS Sige a SES aa, eae 31 1D ibe 21 35 ficzp soe 13 4 
I OSE Se Eee 21 ning heen hating 17 js it (Sep 13 2 
Ow RE ee eee 12 23 Neos ee 7 T2He5- Sees 19 1 
Movetnpertss 6.) 62 52 ye ees 13 71 st epare cian§ 4 Re IR te 1 
a a ae eee eee 4 GRgeu Niel ee 2 13. \5 34 52 0 1 
1916 2 
F agen 97 AG Tee eee 5 Subse-oo sea 0.8 1.3 
So aetna ann a7} 90 | sasoce a'| ctor aantess 08) 78 
Sennett Saleen 47 Sak ea 2 eee 0.0 0.2 
Sa as BES 37 roy agen SF 3 SA ae 052 2.0 0.8 
Ss OE Git Se a RY RE 44 73 dow Seeker 5 1 is hee 1.56 5.2 
A ae aS pie eae 62 Dis lieepassa 20 36 yebeLenee 53. 0 20. 0 











1 Mean for period Oct. 1 to 16. : 
2 Counts for 1916 refer to samples of final (chlorinate 
nati and Louisville. All counts for 1914 and 1915 re 


system. 

Evidence from typhoid fever mortality rates.—¥ ortunately, in this 

instance, the mortality statistics of the three cities furnish evidence 

which is reasonably conclusive. In Table No. 95 are shown the 
ual death rates from typhoid fever in Pittsburgh, Cincinnati, 


d Louisville, respectively, and in the entire group of registration 


d) effluent taken at the filtration plants at Cincin- 
fer to samples from taps in the city distribution 
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cities in the United States, for the 20 years from 1901 to 1920, inl 
clusive. Records for two additional cities on the Ohio River, Ports 
mouth, and East Liverpool, Ohio, which continued to use untreated 
water from the river until 1914 and 1918, respectively, are added for 


~ 


comparison. 5 


TaBLe No. 95.—Annual death rates from typhoid fever in Pitisburgh, Cincinnati, 
Louisville, Portsmouth, and East Liverpool, and in all registration cities of the 
United States, 1901-1920} F 


Annual death rates from typhoid fever per 100,000 











‘ 
: 
J 
population ; 
7 
Cities in " 
Year United rie 
States Pitts- Cincin- | Louis- Ports- Live 
registra- | burgh 2 nati ville mouth bhi 
tion poo 
area 
A) 1) (eRe AE AUR eee tee Sey ek ROPE oh 33. 7 107.7 54. 7 46. 3 bo. OF 
SO eee ene oe eee eee ee ee A hey 133.5 61. 5 61. 2 BGna eee 
1903. De eB ee eee 37. 8 126. 2 42.2 61.1 le 
OU no One ee ee ee ee ee ee 34. 7 134. 9 79. 2 63. 4 74.0 (2. ae 
ee ee ire he 2: ee Eee 29. 6 114.8 40. 4 51.2 rv Pe a ae ee 
19062 *. be ee Peseta Rae 33. 5 143. 6 70. 2 70. 6 5S ]°.-. oe 
ki |) Sod ee ee See PT ee 32. 0 125. 4 45. 4 71. 4 86,:8.0.3 22 ee 
TOUR ee ee Ee ee ee eee 25. 0 48.9 18. 2 46. 7 AY OL rae oh Pinel ’ 
JO00: Ae tee ee eee ee ps ae 24. 6 13.3 45.0 47.8 64. 6 
RO1O0S oe tee Pe ee eee 23. 7 27.8 8.8 31.7 59.3 83.1 
1 oe oe ee ee ce PAT ey Fe 20. 1 2bad 11.4 23.9 74.0 96. 1 
TOO ae SI oO a ee eee 16. 2 13. 2 7.8 22. 0 68. 5 66.1 
pL ik: hireeg ae eee eee SSeS a AN 16.5 19. 7 6.9 73. b 122.7% 106.9 — 
Pots ei ee a. te ee ae es oe 14. 2 1&2 6.4 26. 5 122.2 82.3 — 
Wie de 3 Oe ge) oes ee ee 11. 6 10. 5 7.6 14.3 28. 4 72.0 
iS de ee. Le, ee eee 1172 9.1 3.3 13.8 34.8 62.0 
MOET. 1. os 3S. 2 ot See) OE ee 10.9 12:2 4.0 16.3 21.0 65. 4 ; 
RO to ae SO Pee te eee 9. 6 10. 7 4.8 16.3 3 27.0 379.2 
SR Rt ae Pera | 6.4 6.5 3.0 10.7 25.0 32.9 
1920 : 5.9 5.6 3.2 5.5 12.0 46.6 





1 At Pittsburgh delivery of filtered water to central sections of city was begun in December, 1907, and 
gradually extended until the whole city was supplied in 1914. From 1911 to 1914 the unfiltered water sup- — 
plied to a part of the city was chlorinated. The filtration plant at Cincinnati was put into operation in — 
November, 1907; at Louisville in August, 1909; at Portsmouth in November, 1914; and at East Liverpool F 
Death rates for years 1901 to 1907 include the city of Allegheny, which was annexed to Pittsburgh ; 
Rate based on census population of 1920 

A detailed epidemiological analysis of the relation between the 
water supplies of these cities and the prevalence of typhoid fever 
in their inhabitants would require much more evidence than that 
of bare mortality figures, but these serve at least to bring out certain 
salient facts, namely: 

(1) During the period preceding the installation of their filtration — 
plants Pittsburgh, Cincinnati, and Louisville all suffered excessively 
high typhoid fever mortality rates in comparison with the contem-— 
porary experience of other American cities. There is abundant evi- 
dence in the more detailed records of morbidity and mortality which — 
are available for these years to establish beyond reasonable doubt — 
that the use of the highly polluted river water was the predominant 
factor in the causation of typhoid fever in these cities. It is, how-— 
ever, unnecessary to adduce this evidence here, since the conclusion — 


to which it leads is already generally accepted. 
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(2) Following the installation of filtration plants, the mortality 

from typhoid fever was immediately and sharply reduced. to approxi- 
mately the level then prevailing in American cities generally—some- 
what lower in the case of Cincinnati, and rather higher in the case 
of Louisville. As it is generally conceded that this reduction, at 
least to the level attained in the years immediately following the 
installation of filter plants, was largely if not. wholly due to improve- 
ment in the water supplies, resulting from their purification, it is 
again, unnecessary to cite more detailed evidence supporting this 
conclusion. 
(3) Subsequent to the primary reduction in typhoid death rates 
immediately following the installation of purification plants in Pitts- 
burgh, Cincinnati, and Louisville, there has been a further progressive 
decline in all three cities. Undoubtedly, during these years, from 
about 1910 to 1920, there has also been considerable and progressive 
improvement in the quality of their water supplies, due to the sup- 
plementary use of chlorination and to other refinements in operation 
of the plants. Just what part this progressive improvement in the 
water supplies during the last decade may have had in the coincident 
progressive decline in mortality from typhoid fever is, however, a 
difficult, perhaps unanswerable question, for the decline has not 
been local, but quite general throughout the United States, not only 
in cities but in rural areas as well. Thus, as regards the years 1914 
to 1915, referred to in the bacteriological records given in Table 
94, it is impossible to say that none of the typhoid fever occurring 
in these cities was due to infection conveyed in their public water 
supplies; but it is equally impossible to specifically incriminate the 
water supplies, since other possible sources of infection would seem 
competent to account for the observed prevalence. 

(4) Finally, it may be said of these cities that ever since their 
water purification plants have been put into full operation, their 
mortality rates have compared favorably with those of American 
cities generally. This implies that the sum total of protection 
afforded against typhoid fever in these three cities, including pro- 
tection of their water supplies as one item in the total, has been up 
to the contemporary standards of American cities in general—well 
above these standards in the case of Cincinnati. As to the propor- 
tionate part, if any, which infection conveyed in their water supplies 
may have played in causation of the residual prevalence of typhoid 
fever in recent years, this is certainly not determinable from mor- 
tality rates alone, and it 1s probable that the most searching epi- 
demiological investigations which could be made would not lead to 
any conclusions much more specific than those stated above. 


4 Although the mortality rates at Louisville have generally been above the average for all the registration 
cities of the United States, they have not been higher than those of cities as far or farther south. 
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The experience of Pittsburgh, Cincinnati, and Louisville may be 
taken, then, as demonstrating that up to this time it has been found | 
possible to purify the Ohio River water as available at their intakes 
sufficiently to afford at least a very efficient if not absolutely perfect 
protection against water-borne typhoid fever; and while this result 
has not been achieved without difficulties in the operation of the | 
plants, it has been achieved at a reasonable cost. 

Similar questions concerning the fitness of water from the Ohio 
River zones represented by stations 65 (Steubenville), 88 (Wheeling), 
and 348 (Portsmouth) can not be answered as yet with equal con- 
fidence. The water of the Ohio River at Portsmouth (station 348) 
is quite similar in respect of its bacterial content,® physical and 
chemical characteristics, to the water treated at Cincinnati and 
Louisville, so it is a fair inference that the efficiency of purification 
achieved at the latter two cities is possible of achievement at Ports- 
mouth, though perhaps at greater proportionate expense. At 
stations 65 (Steubenville) and 88 (Wheeling) our observations, as_ 
previously noted, do not cover a sufficiently long period to indicate 
with certainty the range of pollution encountered. Moreover, in 
physical characteristics and chemical constituents the Ohio River 
water, in this region, differs materially from the water at Cincinnati 
or Louisville; and these differences might affect the efficiency of 
purification processes. However, so far as any inference is justified 
by the data at hand, it would appear possible to deliver safe effluents 
from the Ohio River in the zones above Wheeling and Steubenville. 

Further Studies Required.—Obviously, there are further questions 
concerning the safety of water supplies from the Ohio River which 
are vital to future policy—for example, whether the plants in actual 
operation have ample margins of safety to guarantee consistency of 
performance; and what effect a given increase of pollution in the 
river may be expected to have upon the quality of their effluents. 
These matters require thorough study from other angles, including 
careful analysis of the management and operating costs of filtration 
plants under the different ranges of pollution encountered at differ- 
ent seasons, as well as analyses of their effluents. 

During 1915 and 1916 such a study was made of the filtration 
plants at Cincinnati and Louisville, with a view to determining the 
relation between increasing bacterial pollution of the raw water and 
bacteriological quality of the effluent. The results ® indicate that 
the relation between raw water and effluent in respect of bacterial 

5 The water at Portsmouth is somewhat more highly polluted than at Cincinnati and probably somewhat 
more dangerous, due to the nearer proximity of a number of sewered cities above Portsmouth. 


6 Streeter, H. W., The Loading of Filter Plants, Weekly Public Health Reports, Washington, Vol 37, 
No. 13, March 31, 1922. Reprint from Public Health Reports, No. 737. 
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content at these plants is quite definite, and that it is capable of fairly 
accurate expression by a formula of the type: 7 

H=cR* 

__ However, it is not established that this or any other law applies to 
the average results of rapid sand filters in general. 

Further studies of this and other questions relating to the operation 
of filter plants treating water of high pollution are now in (1924) prog- 
ress. Detailed data on operation and results are being collected from 17 
filtration plants, including 10 upon the Ohio River, of which 4, at 
East Liverpool, Steubenville, and Portsmouth, Ohio, and Hender- 
son, Ky., have been installed since 1914. At the same time studies 
are bemg made with an experimental filter plant at Cincinnati. 
The results of these investigations, combined with studies of the 
morbidity and mortality experience of the Ohio River cities which 
have installed filtration plants in recent years should make it possible, 
in the near future, to form a more confident judgment of the present 
condition of the Ohio River as affecting filtered water supplies taken 
from it. In the meantime, the experience of Cincinnati and Louis- 
‘ville indicates that from the standpoint of procuring satisfactory 
water supplies the pollution of the Ohio River at their intakes, high 
as it is, has not yet become intolerable. 


POLLUTION IN ZONES IMMEDIATELY BELOW LARGE CITIES 


_ As has been previously noted (see pp. 69, 71, Table 40) the urban 
population of the Ohio watershed is concentrated to a remarkable 
extent along the course of the main stream, about 40 per cent of the 
total being comprised in cities situated immediately upon the Ohio 
River itself. The urban population along the banks of the Ohio is 
again concentrated largely in five large centers, Pittsburgh, Wheel- 
ing, Cincinnati, Louisville, and Evansville. Three of these centers, 
‘the metropolitan districts of Pittsburgh, Cincinnati, and Louisville, 
with a combined population (1915) of 1,720,000, comprise approxi- 
‘mately 75 per cent of the urban population along the course of the 
Ohio, and nearly 30 per cent of that on the entire drainage area. 
These cities are therefore, by reason of their size and location, the 
most important individual units in the sewage pollution of the river. 

Conditions of pollution existing in the river immediately below 


these large cities are of special interest because it is in these zones 
eer 

7 In which (£) represents the bacterial content of the effluent, (R) that of the influent, (c) and (n) being 
constants defining, respectively, the average efficiency of purification and the relative constancy of efll uent 
under different conditions of loading. The values of these constants as determined for the Cincinnati 


Louisville filtration plants are: 





c=4, 41, n=0. 27 


Por gelatin counts. -. 2-2. .-2- ---- 0 2a - enna sere east eee 
c=0. 23, n=0. 55 


ie wirar Gourits 605. 5. = 2 a = = 2 3 n-ne 
Meet toed indax | 2.225. debed sae w=} - een ee hao gh een ae wae se the 


95404°—247——_17 


936 OHIO RIVER—-POLLUTION AND PURIFICATION 


that the river reaches its maximum of pollution; and because the con 
ditions below each city, when compared with those immediately 
above, afford a measure of the effect which that city has had upon 
the pollution of the stream. This in turn makes it possible to esti- 
mate with some precision the improvement which would result from 
the elimination of all or any given part of the pollution from this par- 
ticular source. Again, the zones of maximum pollution below the 
large cities are the most advantageous points of departure from 
which to take up studies of natural purification. 

For reasons already stated (Section IV, p. 90) it was found imprac- 
ticable to establish any sampling stations inthe vicinity of Evans- 
ville, hence no data are available bearing directly upon the pollu- 
tion of the river in the vicinity of that city, but regarding the othe1 
four large cities the required information is available from the ex- 
amination of samples collected from the river immediately above 
and immediately below each city. 

For convenience of reference, the monthly mean results of 37‘ 
agar counts and of B. coli tests at the sampling stations below Pitts- 
burgh, Wheeling, Cincinnati, and Louisville are assembled in Tables 
Nos. 96 and 97. These tables summarize the results from two sta- 
tions below each city and from a third station below Cincinnati, the 
upstream station in each district being the station next below al 
sewer outlets of the district, and the lower stations being locatec 
below that at distances as indicated by the station numbers.’ Ir 
the Pittsburgh district, between stations 3 and 11, and in the Wheel. 
ing district between stations 97 and 104, the river receives some 
additional urban sewage; but no wastes of any account are dis. 
charged into the stream between stations 475 and 488, in the Cin 
cinnati district, or between stations 611 and 619, below Louisville. 








8 The results of gelatin counts at these stations, which are of the same general significance as the aga 
counts, are not reproduced here, but may be found in the basic tables. 
9 Each station being numbered according to its distance, in miles, from Pittsburgh. 
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It will be noted from these tables that in. the Pittsburgh and 
Wheeling districts the pollution, as indicated by agar counts, is 
un ormly higher at the sampling station next below the sewer out- 
lets than at the station next downstream." Irregularities in the 
B. colt index, which is occasionally higher at station 104 than at 
station 97, are of no great significance, considering that the quanti- 
tative estimation of B. coli is subject to a rather large ertor. 

_ At Cincinnati and at Louisville the case is different... At Louis- 
ville the highest pollution is ordinarily shown, not: at station 611 
which is immediately below the sewer outlets, but iat station 619, 
eight miles downstream. The apparent increase in bacterial content 
of the river between these two stations can not be accounted for by 
wastes added below station 611, since these are negligible in amount. 
Tn all probability the increase is due, at least in part, to a sampling 
error of constant tendency at 611, the sewage of Louisville not having 
become well mixed with the river water, as it passes this station so 
that-a-mean of the three samples taken from the cross section does not 
show its full effect nor truly represent the cross section. The apparent 
increase between stations 611 and 619 may, therefore, be reasonably 
attributed to the better mixture which has taken place by the time 
the water reaches station 619, it being evident from comparison of 
the three sampling points on this section that the mixture here is 
much more uniform than at station 611. As the time of flow elapsing 
between stations 611 and 619 may be as great as 10 or 12 hours at 
low river stages, it is possible that natural processes of purification 
may have somewhat reduced the pollution of the river by the time 
it reaches station 619; but even so the results at this station are 
generally more reliable than are observations at station 611. 

In the zone immediately below Cincinnati, it will be noted that 
the highest bacterial counts are observed sometimes at station 475, 
sometimes at station 482 or at 488, sometimes even at station 492, 
which is not shown in these tables as it is located below the Miami 
River. As it occurs in these tables, the fluctuation of the maximum 
bacterial count from station to station appears quite irregular and 
consequently not to be explained by a sampling error of constant 
tendency. However, as is shown more fully in a later discussion, 
the location of the maximum count bears a fairly definite relation 
to river stage, falling generally at station 475 at river stages under 
5 feet; at station 482 with river stages from 5 to 8 feet; and at 
station 488 or 492 when river stages are still higher. It may be, 
therefore, that the apparent bacterial increase sometimes noted in 
passages downstream from station 475 is due to a sampling error 
similar to that noted at Louisville, but bearing a definite relation to 
iver stage. Other possible explanations of this tendency to higher 





10 With one single exception this is true also as regards the gelatin counts. 
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counts below station 475 are discussed later (pp. 273-277). For pres- 
ent purposes it suffices to note that, for measuring the effect which 
the city has upon pollution of the river, the observation which shows 
the highest pollution is the most reliable, for sampling errors tend- 
ing to give a result less than the true mean are more probable than ~ 
errors tending to give an excessive result. 

Seasonal variations in pollution.—While Tables Nos. 96 and 97 
serve to indicate the range and variation of bacterial pollution as 
observed from month to month, the broader tendencies of variation 
in relation to discharge and population contributing to the imme- 
diate pollution are shown better when the data are summarized as 
in Table No. 98 following: 


TaBLeE No. 98.—Summary of mean discharge, population immediately above, total 
urban population on watershed above, and average number of bacteria per cubic centi- 
meter at stations immediately below Pittsburgh, Wheeling, Cincinnati, and Louis- 
ville, during two periods in the year 1914 


Average number 


Second-feet per : 
ae of bacteria per 
thousand centimeter 
Tae 
1S- 
Of urban 
(are Of popu-| popula- 
feet) lation tion on Kone 

imme- whole éoaht B. coli 

diately | water- 

above shed 

above 
Period January-May, 1914: 
Below Pittsburgh, station 3. _.1..............-...- 51, 900 45 18 1, 120 153 
Below Cincinnati, station 475__.......--...--.--__- 161, 300 271 21 8, 150 161 
Below Louisville, station 619___-_....._.-.-_.-___- 193, 000 630 21 4, 070 187 
Period June—October, 1914: 

Below Pittsburgh, station 3___........-.-..-_u._- 4, 640 4.02 1. 64 27, 100 272 
Below Wheeling, station 97__.....--.-.----.------- 5, 680 64 1,38 2, 970 128 
Below Cincinnati, station 475__...__.....--_-...--- 17, 900 30 2.3 204, 000 5, 480 
Below Louisville, station 619___._...__._--_-_-___- 22, 700 72 2. 47 52, 800 9 





As will be noted from this summary, the bacterial pollution below | 
each of the cities where observations extended over a sufficient period 
to warrant comparisons was much less during the period of high dis- 
charge from January to May than during the summer period of low 
discharge. This is as expected, in view of the greater dilution 
afforded in winter, but the differences in bacterial content are by no 
means directly proportionate to differences in discharge. For 
example, the discharge during the months June to October is about 
one-tenth of the discharge at corresponding stations during the period 
from January to May; but the agar counts below Pittsburgh and 
Cincinnati are increased more than twentyfold in the former period 
as compared with the latter; and at Louisville also the disproportion 
is similar though not quite so great. The B. coli index below Cin- 
cinnati is ikewise increased during the low water months much more 
than is accounted for by the diminished dilution; but at Pittsburgh 
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and Louisville the case is reversed, the increase in pollution being less 
than would be expected from the decrease in dilution. 
: Relative untensity of pollution below different cities—The most 
prising fact shown, however, is that the pollution is much less 
ag below Pittsburgh than it is below Cincinnati or even below 
‘Louisville, notwithstanding that the population contributing to the 
a laa pollution at Pittsburgh is considerably greater than at 
Cincinnati; and the discharge at Pittsburgh is less than one-third 
that observed at Cincinnati. From the ratios of discharge to sewered 
population immediately above, as shown in Table No. 98, it would be 
expected that the pollution at Pittsburgh would be at least five or six 
times as great as below Cincinnati, whereas it is consistently and very 
materially less. Similarly, the pollution below Wheeling is much less 
than below Louisville, although from the ratios of discharge to 
‘Sewered population it would be expected to be somewhat higher. 
This disproportionately small effect of the sewage from Pittsburgh 
and Wheeling upon the bacterial content of the upper Ohio River is 
one of the most remarkable facts noted in this study, and is un- 
doubtedly of primary sanitary importance. As it is discussed in 
more detail later, it need merely be noted here. 

Proportion which the bacteria added to the river in the sewage. of large 
cities are of the total numbers found in the river immediately below.— 
By comparing the bacterial content of the river as observed im- 
mediately below each city with similar observations made at a 
sampling station immediately above the city, it is possible to measure 
the increase in pollution directly attributable to the inflow of sewage 
and other drainage from the intervening urban area, provided. of 
course that no other drainage is received by the stream between 
these stations. 

At Pittsburgh the sampling stations required for such comparison 
were located above the city on the Allegheny (station A-7) and 
Monongahela (station M-—12) Rivers, respectively, and immediately 
below the city on the Ohio River at station No. 3. The increase 
in numbers of bacteria per cubic centimeter due to the inflow of wastes 
between these points is shown by the difference between results at 
station 3 and the average of results during a corresponding period 
at stations A~7 and M-12, weighted according to discharge. 

The increase in passage past Wheeling is shown directly by the 
difference between the corresponding results at station $7, below 
the city, and station 88, above, the discharge at these two stations 
being practically identical. Likewise at Louisville the effect of the 
‘city’s waste may be measured by the difference between observations 
at the sampling station below the city which shows the. highest 
pollution (either station 619 or station 611) as compared with station 
598, above the city, since no tributary measurably affecting dis- 
charge enters between these stations. 
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aati, two tributaries, the Little Miami and the Licking, 
1.o the Onio between station 461, which is above the city, 
Lation 475, which is immediately below. Sampling stations 
vere, however, maintained on these tributaries above such pollution 
as they received from the Cincinnati metropolitan district,!! andl 
their discharges were measured. An, average of results on these 
tributaries and at station 461, weighted according to respective 
discharges, may therefore be taken as representing the pollution 
above the city. This may then be compared with observations at 
the station below Cincinnati, which shows the highest pollution, 
whether this be station 475, 482, or 488. The calculations which 
are given hereafter are based, for each month, upon the station 
below Cincinnati, which showed the maximum pollution for that 
month. 
Further details regarding the sampling stations referred to — 
their relation to near-by sources of pollution are given in Section 
IV, pp. 98-104. Reference should also be made to Figure No. 14, 
page 69, showing the relative positions of cities, tributaries, and 
sampling stations, and to Table No. 41, Section II. : 
The part which the wastes from these several districts play in = 
contributing to the bacterial pollution of the river as observed 
immediately below each city is shown in Table No. 99, in which the 
increase in number of bacteria per cubic centimeter between the 
upper and lower stations of each district is expressed, for each 
month, as a percentage of the total number observed at the lower 
station. 





TABLE No. 99.—Percentages which the bacteria added to the Ohio River in passage 
past the metropolitan districts of Pitisburgh, Wheeling, Cincinnati, and Louis-— 
ville are of the total numbers observed in zones immediately below these districts, 
by months, 1914, 1915, and 1916. . 








River. Years.| Jan. | Feb. |Mar.| Apr. | May | June|} July | Aug. | Sept. | Oct. | Nov. | Dec. 


























Gelatin counts: ; | 
Below Pittsburgh: | 1914 |.._-_|_____- 26 | 33 14 38 44 23 81 Bi! 4) edd aS ROS 
Below, Wheeling” 1014 Pe ee | ey | en 79 67 bape RS eal ae | 
Below Cincinnati___| 1914 } 24 1.4 15 | 61 89 99.2 | 99.6 | 98.2 | 99.4 | 98.4 | 99.9 Ee 4 


Below Louisville_-__| 1914 |____- 14 25.) 52 66 98. 2 |. 99.1 | 97 97 98.1 | 99.6} 37 
1915 74 | (@) TB PRO Note ee a rn fee oe ST ey cee ae 
Agar counts: 
Below Pittsburgh__| 1914 |-.___|-._2-- 91 | 64 (@) 5 42 30 74 O24 inhe. tee eee 
Below Wheeling. .__} 1914 |__..-]--2-._Js2.2.]_---..- 29 43 83 83 75 Site te Ae 


Below Cincinnati___| 1914 | 84] 1.9] 72} 90 98.8 | 99.7 | 99.7 | 99.2 | 99.2 | 98.1 | 99.9 | 90.2 


Below Louisville___| 1914] 15| 26]{ 23| (a) | 50 | 98.9] 99.4] 98.4] 98.8] 98.8 | 99.6] 33 


B. coli: 
Below Pittsburgh. _} 1914 |_____|______ 92 | 86 94 86 82 68 90 91... 5.8. J) 
Below Wheeling____| 1914 |_____ 
Below Cincinnati___| 1914 | 82 | 70 85 | 86 95 99.6 | 99.9 | 99.2 | 99.5 | 99.5 | 99.8 | 88 





4 
. 
Below Louisville.._| 1914] 83/48 | 82/38 |58 |98 |99.9]91 |986]986|988| 79 





@ Count below the city less than above. 
1! The sampling station on the Little Miami was subject to some pollution by sewage from a section 
of the Cincinnati metropolitan district entering through Duck Creek, above the sampling station. 
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As seen from this table, the bacteria added in the wastes from Cin- 
cinnati and Louisville are sufficient to account always for more than 
80 per cent, usually more than 90 per cent, and frequently more than 
99 per cent of the total numbers found in the river immediately 
below these cities during the months from June to November. 

During the winter and spring months, when the river is generally 
at higher stages, the indicated additions from Cincinnati and Louis- 
ville fall at times to less than 20 per cent, and occasionally there is 
an indicated decrease in the numbers of bacteria in passage past the 
city. This must, of course, be attributed to observational error, 
since it is altogether unlikely that an actual decrease in bacteria ever 
takes place in passage past these cities. If the probable error of a 
monthly mean of bacteriological observations at a sampling station 
be assumed to be +10 per cent, which is a reasonable figure in view 
of the analyses of experimental errors presented in the discussion of 
chemical data (see Section V, pp. 129-142), then an occasional error of 
even 30 per cent or more is to be expected, and an error of this magni- 
tude could readily account for the apparent decrease occasionally 
noted in passage past Cincinnati and Louisville at high river stages. 

It is a rather striking fact, as indicated by these data, that during 
moderate and low river stages the bacterial flora of the river is almost . 
entirely renewed in passage past Cincinnati, and again at Louisville. 
As the river leaves each of these cities the bacteria which it carries 
are almost entirely those which have been added in the city’s sewage, 
with only a small, almost negligible proportion brought down from 


sources above. This must be true at various other points on the river 


system, as for instance, where smaller cities discharge their sewage 
into tributaries of the Ohio. So it would appear that the bacterial 
flora of the river, at least those species included in standard determina- 
tions, may be almost completely destroyed and renewed several times 
between its headwaters and its mouth. 


ACTUAL NUMBERS OF BACTERIA ADDED IN CITY WASTES 


Given the discharge of the river in second-feet and the numbers of 


_pacteria per cubic centimeter, these data may readily be converted 
into terms of the actual numbers of bacteria contained in the river, or 
rather the numbers carried past a given section in a given period of 


time. Since 1 cubic foot = 28,317 cubic centimeters, a content of one 


- bacterium per cubic centimeter in 1 eubic foot = 28,317 bacteria, and 


i ee ee Ss 


an average of one bacterium per cubic centimeter in a flow of 1 cubic 
foot per second (1 second-foot) represents a discharge of 28,317 bac- 
teria per second = 2,446,589,000 bacteria per diem. Hence the total 


number of bacteria carried past a given section of river in a day = 


discharge, in second-feet, x bacteria per cubic centimeter 2,446,- 
589,000. As this gives very unwieldy numbers, it is convenient to 
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use, for the unit of bacterial discharge the number of bacteria which, 
if discharged constantly into a stream flowing at the rate of 1 second. 
foot would give a density of 1,000 bacteria per cubic centimeter. 
Given the number of bacteria per cubic centimeter and the discharge 
at any point the observations can be converted into terms of this 
“quantity unit” by the simple relation: 


Discharge, in second-feet x bacteria per c. c. 
1000 
in ‘“‘quantity units.”’ 

The ‘quantity units” in which this result is expressed may then 
be converted into bacteria per day by the multiplying factor 2,446,- 
589,000,000; but for most purposes this conversion is not necessary, 
and it answers the requirements to express bacterial discharge in the 
less unwieldy ‘‘quantity units.’’ 

Since the discharge of the Ohio River varies widely in different 
river zones, and in the same zone from month to month, the bacterial 
pollution contributed by the four large cities may be more signifi- 
cantly expressed in these ‘‘quantity units’? which measure the actual 
number of bacteria added, taking account of volume as well as density. 
The increase in the bacterial content of the Ohio river in passage past 
Pittsburgh, Wheeling, Cincinnati and Louisville, respectively is ac- 
cordingly shown in these “quantity units’ in Tables Nos. 100, 101, 
and 102 following. 


= Numbers of bacteria 





Tas_Le No. 100.—Increase in bacterial pollution of the Ohio River in passage past 
metropolitan districts as shown by quantity units added between designated sam- 
pling stations, based on gelatin counts, monthly means 


Cincinnati 1 


Pitts- 
me dp Wheeling, Louisville, ! 
*Month A-7and | Station Station 461 to 475 station 598 
M-12 to | 88 to 97 Average | to 619—1914 
station 3 three years 
1914 1915 1916 
JONETTE . Se ee ee 637, 000 2 475, 000 | 3 Decrease 556, 000 4 244, 000 
February aves Wu eA Sat 5 50, 000 2917, 000 | 3 Decrease 483, 500 4796, 000 
Mareh: =e ek lee T1000; |: 305. 2k 540, 000 482, 000 | 3 Decrease 511, 000 4 582, 500 
ADT bee ee ere 6:85) BOD Soo Leet 21,915, 000 | 7 3, 594, 000 2 684,000 | 2, 064, 333 4 854, 009 
MaycTacicttitet. uk 32 f500 a LF ia ry 72,457,000] 2,941, 000 | 53,935,000 | 3, 111, 000 854, 000 
Apia st eee ey AES. sich, Dt NOO:| oe eee. 2, 523, 000 | 2 2, 237, 000 | 23,926,000 | 2, 895, 333 1, 014, 000 
Jwbycis st e7ieS. 900. 3 12; 24,100 | 1,904,000 | 2,788, 000 | 5 2,247,000 | 2,313, 000 19, 000 
AVIguSi. 2% tiene 3, 620 11,800 | 1,954,000 | 23, 771, C00 | § 2,604,000 | 2, 776, 333 J, 125, 000 
September_....__.-._- 96, 300 4,950 | 1,664, 000 | 52,355,000 | 2,149,000] 2,056, 000 922, 000 
Octobergcs A saeteses 10, 100 8,320 | 1,932,000 | 76,028,000 | 4,654,000 | 4, 204, 667 1, 204, 600 
Novemberat. {24 Zril- 2. ae eee. 2, 917, 000 | 56, 635, 000 | 23,805,000 | 4, 452, 333 721, 000 
December... P05. on ste eae eee eee 76, 999,000 | 1,174,000 |7 1,165,000 | 3, 112, 667 570, 000 
Averages: 
January-March} 111,000 |_...-..._- 409, 000 62476677 /( 32 516, 833 540, 800 
April-May - .._- DROBO ite db ageeee 2,186,000 | 3,267,500 | 2,309,500} 2, 587, 667 831, 200 
June-October.._| 31,344 12,293 | 1,995,400 | 3,435,800 | 3,116,000} 2,849, 067 996, 800 
CAT. nao pelds Paloedus bong eee ag alte 2, 124,333 | 2,783,083 | 2,226,625 | 2,378, 014 796, 700 


1 Except as otherwise indicated quantity units at Cincinnati are calculated from results at station 475; 


and at Louisville from results at station 619. 


2 Calculations based on results at station 492 with correction for effect of Miami River. 
3 Mean of values for corresponding months of 1914 and 1915 interpolated in calculating yearly average. 
4 Mean for years 1914 and 1915. 
5 Calculations based on results at station 482, maximum being at this section. 
6 Calculations based on results at station No. 5, there being no data available for station 3, 
7 Calculations based on results at station 488, maximum being at this section, 


ee 


0 a eee i F 
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_ Tasie No. 101.—Jncrease in bacterial polluti lo River + 
—Ln pollution of the Ohio River in passage past 
metropolitan districts as shown by quantity units, added pe tia dedtgiated 
sampling stations, based on agar counts, monthly means 


Rebbe SY oi et oh A tiebingtere wad) slant omptood ta 








Pitts- Cincinnati! 
burgh, Ww i 
: heelin i 
stations . g, . Louisville 1 
Month A-7 and. atetions Stations 461 to 475 station 598 
M-i2 to 0 97 Average | to 619—1914 
station 3 three years 
1914 1915 1916 
VONUARY 2 bys ce 33 lee e_ _- |: 258, 000 | ? Decrease 3 213, 000 235, 500 4 66, 4 
BLEEEE~ia , 400 
February ey pe Ad Resa 563007| oo 59,600 | 5 118, 000 292; 000 156, 533 448, 400 
ve) aaleanaaiad Mae Tat apna +, 7002000 |? 3, ger” O00 | Sse too | LE Gor eee [te natany 
May..........-.--..| Decrease. | 10, 000 | 5 5, 081, 000 | 73, 125, 000 | 5 3, 792, 000 3, 900) $33 415, 000 
= ah gag ee a Spal ab boadt oom teal, Pr ol Cate ee ei ones 
Bret... 3s. 16,000 | 16,800 | 3,949, 000 | 53, 569, 000 | 3 4’ 275; 000 3 Oat 000 1 aeiteo 
September_..__.___- 102, 000 5,320 | 2,950,000 | 2,971,000] 2,816,000] 2,912) 333 ” 880, 
October pear ak 83, 000 5,550 | 3,371, 000 | 34, 833,000 | 5,183,000] 4,462,333 { 1,281, 000 
eR Sag rare rea 2, 330, 000 | 3 5, 025, 000 | 32,156,000 | 3, 170, 333 329, 
| 4 A? GARE See a 73.163, 000 415, 000 664,000 | 1,414, 000 116, 000 
Averages: 
January-March 49,500 |......__.- 238, 533 139, 000 229, 667 202, 400 , 630 
April-May ____- 45,800 | 10,000 | 3,390,500 | 3,191,000] 2,405,000 | 2, 995, 500 278, 000 
June-October... 46,376 | 12,034 | 3,601,601 | 3,551,200} 3,947,600} 3,700,134] 1,164, 
. VG eae pail 2, 583, 134 | 2,507,625 | 2,338,003 | 2,476, 254 585, 160 


1 steed as otherwise indicated calculations at Cincinnati are based upon results at station 475; and at 
Louisville from results at station 619. : 

2 Mean of values for January, 1914, and 1916, interpolated in calculating average for the year. 

3 Calculations based on results at station 482, maximum being reached at this section. 

4 Mean for years 1914 and 1915. 

6 Calculations based on results at station 492, with correction for effect of Miami River. 

6 Calculations based on results at station No. 5, there being no data available for station No. 3. 

7 Calculations based on results at station 488, maximum being reached at this section. 


Tas_LE No. 102.—I ncrease in bacterial pollution of the Ohio River in passage past 
metropolitan districts as shown by quantity units added between designated 
sampling stations, based on B. coli determinations, monthly means ; 





Cincinnati 1 








Pitts- Louis- 
burgh, | Wheel- {= ville,! 
stations ing, P stations 
Month ‘A-7 and | stations Stations 461 to 475 Average | 598 to 
Elerion? 1914 "| 1915 1916 years 

(See Sees Sec ae cane ie | © RDN SS es A, PE AL Ba ee bet | a 

ee 3 Rene hope 10,700} 18,400} 232,900| 20,667] 39,820 

(non Fee a mown pera TS 10 300 | 242800} 21300 | 27867 | 217,700 

SS eG RRs $910: 12k 18,600 | 28,900} 22,700} 23,400} 314,800 

S.A Se 46,020 [L2i2. 538,600 | 45,100} 231,300] 38,333] 411,250 

> 0 OS ae ee 7, 750 3,120 | 644,700 | £99,100] 56,900} 66,900 20, 000 

So Gh DE ee 1, 770 916 | 61,300 |2119,000 | 272,100} 84,133 12, 800 

SO a ioe 560 590 | 117,000 | 235,000 | 48,500} 133, 500 28, 400 

1) PASS 0 an So aan ee 280 763 | 142,000] 91,500} 593,600 | 109, 033 19, 900 

September____------------------ 2, 210 220 | 90,300 | 592,300} 557,600 | 80,067 28, 400 

SS eee 390 420 | 284,000 | 6 126,000 | 137,000 | 182, 333 17, 600 

ees se SOUR LS Pee eee 7,000 | 560,300} 85,600] 60, 967 4, 180 

Mocemiber. 205.0 0s.1. 11.0 125-.|25--.2--|-e--22.- 71,700 | 33,800 | 15,800} 40,433 | —_ 10, 700 
Averages: : 

0 OS ae eee Cp TT aes ae 16,367 | 29,933 | 25,633 | 23,978 14, 107 

peeaieg ee Cue. 6, 885 3,120| 41,650] 72,100} 44,100] 52,617 15, 625 

Temeetictohior ......--.----- 1, 042 582 | 138,920] 132,760] 81,760] 117,813 21, 420 

SC aR Re Eee i Se 77,975 | 82,658 | 56,275| 72,303 16, 296 


1 Except as otherwise indicated, Quantity Units at Cincinnati are calculated from results at Station 475, 


2 isvi ssults at station 619. heey. 
| fis Saivduitions based on results at station 492, with correction for effect of Miami River. 


MP d 1915. ; 
_* Calculations. Based on results at station No. 5, there being no data available for station No. 3. 
5 Calculations based on results at station 482, maximum being reached at this poe 
6 Calculations based on results at station 488, maximum being reached at this section. 
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Seasonal variation in total numbers of bacteria added.—Before 
undertaking to compare the four cities with respect to the numbers 
of bacteria which they contribute to the river it may be noted that 
both at Cincinnati and Louisville, the only districts where observa- 
tions were continued through a full seasonal cycle, the “quantity 
units” of bacteria vary widely from month to month. It is readily 
seen, too, that these are not random variations, such as might be 
expected from observational error; but that they show an orderly 
relation to season, the tendency being to much higher quantities in 
the summer and autumn than during the winter and spring months, 
and that they are in a general way parallel in the two districts. 
Moreover, the range of variation is far beyond that which may 
reasonably be attributed to experimental error. 

The range and sequence of these variations in the two districts 
are better illustrated in Table No. 103, in which the quantities 
observed in each month are expressed as percentages of the annual 
average. With the data thus reduced to a common denominator, 
it is readily seen that the variations at Cincinnati in successive years 
correspond quite closely in time and range, and are quite similar 
to the variations observed at Louisville.” 


TaBLE No. 103.—Seasonal variation in quantity units of bacteria added to the 
Ohio River in passage past Cincinnati (1914, 1915, 1916), and Louisville (1914); 
ratios of quantities in each month to corresponding yearly average (100) 





Gelatin count Agar count B. coli 

Cincinnati = Cincinnati - Cincinnati - 

— re somal 

Months a oa = 

: ao| 2 a 3.5] 

® fo 3 o = 

rel B pal 5 

a 19 ere tA = 4 19 el & S 7 

ale/sle*|s a/2/8/)8le*!s 
Year. 2235.2 gk 100 | 100 | 100 | 100 100 {| 100 | 100 } 100 | 100 100 
January ...cso..-. 30 | 16 |-.._- 23 | 31 11| 14] 22] 58| 29] 60 
Pebruary: Wt £2. 2 TS | ee 18 | 100 25 51 38 | 39 109 
Mioaricht... AEE Pe. 25 L7H 2h. 21 73 15 24 35 40 32 91 
April...) ie Be DL 90 | 129; 31 87 | 101 24 50 |. 55 56 53 69 
inst... 2 BE Be Doe 116 | 106 | 177 | 131 | 107 71 57 | 120 | 101 | 93 123 
Sine... 4 Pe Seed ie 119 | 80] 176 | 122 | 127 254 79 | 144 | 128 | 116 79 
Silly. ...2 Fey ee ae 90 | 100 | 101 97 90 135 | 150 | 284 86 | 185 174 
TAT grist 2: Ss ae 92 | 136 | 117 | 117 | 141 237 | 182 | 111 | 166 | 151 122 
September __-._.._____- 78 85 97 86 | 116 150 | 116 | 112 | 102 |} 111 174 
October 2 73848_ 2. ie) 91 | 247 209 | 177o E51 219 | 364 | 152 | 243 | 252 108 
November__._._______- 137 | 238)} 171 | 18% 90 56 47 4a.) 12 84 26 
December — =. 2: <2-2 30 329 42 52.) 131 ia 20 92 41 28 56 66 

January to March, 
inclusive. _.....- BD |) £296 2. 21 | 68 Lh, 214} 36. we 4bsi fee 87 
April and Decem- 

DOr s Bee RE a 209 86 | 42 | 109] 87 22 71 48 | 42 54 67 





May to Novem- 
ber, inclusive____| 103 | 137 | 150 | 131 | 118 | 141 | 148 | 157 | 148 | 160 | 142 | 142 | 140 | 142} 115 





@ Ratios for months January to April, inclusive, ae Louisville calculated from mean values for 1914 and 
1915. Noobservations at Louisville after April, 1915 

12 This can hardly be said ofthe monthly variations ‘in B. coli at comin gem, which are quite irreg wars but — 
appplies fairly to the gelatin and agar counts, 


Riad MEAG OT oe Hc a Sree 
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From the records at Cincinnati, which cover three full years, an 
average ratio has been calculated for each month. These average 
_ tatios are plotted in Figure No. 27, from which it may be seen that 
_ the cycles of seasonal variation in the gelatin, agar, and B. coli groups, 
respectively, are similar in their general tendencies, though differing 
- in some details. 

7 From the foregoing it may be concluded that there is a regular 
_ cyclic seasonal variation in the total bacterial content of the com- 
_ bined wastes discharged into the Ohio River from both the Cincinnati 
_ and the Louisville metropolitan districts. This variation, which is 
_ evidenced alike in the gelatin count, agar count, and B. coli groups 
_ of bacteria, is most regular and of widest extent.in the agar count 
group. In general, the bacterial content of the wastes is least during 
_danuary, February, and March, and greatest during the months from 
_ June to October, inclusive, the summer average being more than ten 
_ times the winter average for the agar count group, and five times the 
_ winter average for the gelatin count and B. coli groups as observed 
at Cincinnati. 

_ The cycle of variation is evidently more closely related to season 
_ than to hydrographic conditions, for in the corresponding months of 
_ 1914, 1915, and 1916, especially in the months from May to Novem- 
' ber, inclusive, hydrographic conditions in the Ohio River varied 
* widely, notwithstanding which the cycle of bacterial variation was fairly 
- constant in all three years. As the most prominent physical change 
associated with the seasonal cycle is that in temperature, it seems 
_ probable that the latter is the controlling factor in the bacterial cycle. 
_ A similar seasonal variation in the B. colt content of the St. Clair, 

Detroit, Niagara, and St. Lawrence Rivers was noted in studies of 
_ the pollution of these waters by the sanitary experts of the Interna- 
tional Joint Commission.'* These rivers, being outlets of the Great 
_ Lakes, are of fairly constant discharge; and at the sections under con- 
sideration their pollution is due almost wholly to the sewage dis- 
charged from large cities immediately above. ‘Therefore, in samples 
from these sections the numbers of B. colt per cubic centimeter are 
_ presumably in direct proportion to the absolute numbers (not merely 
_ the numbers per cubic centimeter) in the sewage from the cities 
above. , 

The bacteriological data referring to the above-mentioned rivers, 
the St. Clair, Detroit, Niagara, and St. Lawrence, as given in Table 
No. 104, are taken from the above-cited report (p. 9). Since the 
observations on these rivers covered only the months from May to 

September (1913), inclusive, the ratios for individual months are 





13 Pollution of Boundary Waters, Report of the Consulting Sanitary Engineer upon Remedial Meas- 
ures, March, 1916. International Joint Commission, Washington, a. P. O., 1916. 
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Fia. 27.—Seasonal variation in quantity units of bacteria added to the Ohio River 
in passage past Cincinnati. Ratios of quantities added each month to average for 
the year. Means for 1914, 1915, and 1916 
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calculated from the averages for this period, not from a full yearly 


average, and, for the sake of comparison, data for Cincinnati and 
Louisville are expressed in similar terms in this table. 


TABLE No. 104.—Seasonal variation in B. coli in international boundary waters 
(St. Clair, Detroit, Niagara, and St. Lawrence Rivers) and ia wastes from Cin- 
cinnalt and Louisvilie metropolitan districts 


[ Percentages of average for period May-September, inclusive] 





Cincin- Lonis- 

















Interna- : : 

Month ™ oe a Pend Hes 

_ an *| politan | politan 

district | district 

| 

011 gt IEP re Ra Sater hs cnmerviser ard areharia io endo vena amore | 5 
ESE RRA EE OE Le SEES Re | aera a a 
toi. oS toe ee foo cence ie eo nccouneoeclbuadbaecde 25 68 
EE ER oT a cal ee Se el ae Ee fe ee 40 51 
i ED Ra 1” ee. Oe as een a 26 71 91 
ie SS by Dae Sea mae <2 er Sn ne ge RAE a SE tae 61 88 58 
8 SI St SS See . ee mn eee Sa eta, od SE ee eee 129 141 130 
res eee eee 8 ewe oe ee ee 231 115 91 
a sy ee PR, SYR RR a een ine ene ts ig Paar 53 85 130 
ear eR BEA hp i el sedate ie be aneraie 192 80 
DCE UAT Renter ob eet sate boe res tec e Sees owsce es dee ers eees eee 64 19 
SAP RRNA See De Bet es ee See ekos vetoes ee 343 49 


Figure No. 28, illustrative of this table, shows the curves of sea- 
sonal variation of B. coli as observed in the international boundary 
waters and in the Ohio River at Cincinnati and Louisville, respec- 
tively. Although the curves do not correspond very closely in detail 
they show the same general tendency toward a relative increase of 
bacteria in July and August as compared to May, June, and Septem- 
ber. The shape of the partial curve for the international boundary 
waters suggests that a full annual cycle there would show the charac- 

teristic summer increase beginning later and declining earlier than at 
Cincinnati and Louisville. If temperature is an important factor 
in the cycle, such a difference would be expected because of the 
difference in latitude between the Ohio River and the Great Lakes. 
As regards the significance of the observed seasonal variation, 
Phelps, in presenting the report to the International Joint Commis- 
sion, makes the following comment: 

“A quite unexpected and hitherto unnoted phenomenon has been shown, namely, 
a great increase in the bacterial evidence of pollution in the warmer months. 
This effect is shown so consistently in the work of the several laboratories, and 
upon the various rivers, that there can be no doubt of its reality. It is hardly 
to be believed that there is actual multiplication of the intestinal erganisms in 
the streams themselves, although this possibility can not, with our present 
knowledge, be entirely eliminated. It is more probable that the bacterial con- 
tent of the sewage shows a seasonal variation. Whether this be traceable to 


actual multiplication of intestinal bacteria within the sewers or to a greater per 
capita discharge of these organisms in the summer months can not be stated. 


i u Loe. cit., Dp. 9. 
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To this statement it may be added that the phenomenon has now — 
been confirmed by independent observations upon another water-— 
course and that it is not peculiar to organisms of the B. coli group; — 
but is exhibited likewise in the heterogeneous bacterial groups 
represented by the standard gelatin and agar counts, the variation — 
in the latter being of wider range and somewhat more regular than 
in the B. coli group. 

Beyond this, there is little to be added to Phelps’ comment in 
the way of explanation. A possibility not suggested by him is, of — 


= 
. 
@ 
¢ 


x 


B 
‘ 


ll : 


International Boundary Waters ——— 
Cincinnati Metropolitan Dist--—-— 


. 
g 
9 
o 
p 
z 
$ 
& 
£ 
5 
5 
a 


May June July Aug. Sept Oot. 





Fig. 28.—Seasonal variation in B. coli in International Boundary Waters and in wastes from Cincin- 
nati metropolitan district 


course, that during the colder months there may have been a rapid 
dedréase of bacteria from the time that they were discharged into 
sewers until they reached the river sections where observations were 
made; but this does not seem likely. It seems more probable, as 
suggested by Phelps, that during the warmer months a considerable 
increase in bacteria takes place, either in the sewers or perhaps 
after their discharge into the stream. 
In contrast to the observations at Cincinnati and Louisville are 
those at Pittsburgh, for even though the observations there do not 


; 


q 
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extend over a full year, they are sufficient to show that the tendency 
to seasonal variation is not the same as at Cincinnati and Louisville. 
With respect to the gelatin count and B. coli groups, there is a rel- 
ative decrease rather than an increase during the summer months, 
while the agar count group shows an increase only in September 
and October. The observations at Wheeling all fall within what 
may be considered the ‘‘summer’’ period, hence there is no basis for 
a comparison with results in the winter. However, the general 
tendency is toward a decrease rather than an increase from May 
to October. This might be taken as indicating either that the 
seasonal variation noted in the Cincinnati and Louisville districts 


_is due to some conditions peculiar to these districts, or that the absence 


of similar variations in the Pittsburgh district is due to peculiar 
local influences there. The former supposition is unlikely, since 
seasonal variations similar to those noted at Cincinnati and Louis- 
ville have been independently observed in the international boundary 


waters referred to above.® On the other hand, the river at Pitts- 


burgh presents some very unusual conditions, in the presence of acid 
wastes which are obviously bactericidal, in the precipitation which 


results when the waters of the Monongahela, carrying acid iron wastes, 


meet the alkaline waters of the Allegheny, and in the long time 
intervals which elapse between the major sewer outlets and the near- 
est downstream sampling station (station No. 3) in low-water periods 
when dams are up. It may well be supposed that these influences 
may be sufficient to counterbalance or mask a normal tendency to a 


relative increase in bacterial content of sewage at Pittsburgh similar 


to that observed at Cincinnati and Louisville. 

Numbers of bacteria in sewage of cities. per capita of sewered popu- 
lation.—The populations tributary to the sewers which discharge 
into the Ohio River between sampling stations above and. those 
below each large city as estimated with care from fairly accurate 
records, are as shown in the following summary. 


Sewered population (1915) 


Pittsburgh district, between stations A-7 and M-12 and station 3__-_- 710, 500 
Wheeling district, between stations 88 and 97__------..------------- 59, 500 
- Cincinnati district, between stations 461 and 475-_-_--------------- 494, 300 
Louisville district, between stations 598 and 611-~---------+-+------- 179, 800 


The data of Tables Nos. 100, 101, and 102 may therefore be reduced 


to a per capita basis, as in Table No. 105 following, which shows the 


numbers of bacteria added to the river per capita of sewered popu- 


lation per diem in passage past the metropolitan districts of Pitts- 


burgh, Wheeling, Cincinnati, and Louisville, respectively. 


ations have been noted in the bacte- 


i i similar seasonal vari 
15 More recently, during 1920 and 1921, entirely Se a ccna 


rial content of the Chicago Drainage Canal, in the course of a study 
Health Service. 
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TaBLE No. 105.—Actual numbers of bacteria, of gelatin count, agar count, and B. 
coli groups added to Ohio River by metropolitan districts of Pittsburgh, Wheeling, 
Cincinnati, and Lowisville, per capita of sewered population 


[Annual and seasonal averages] 





Billions of bacteria per capita per diem 


Metropolitan districts Gelatin count Agar count B. coli 


Jan.- | June- Jan.- | June- Laine June-| x, 
Mar.| Oct. | *°" | Mar.| Oct. | Y©" | Mar.| Oct. | ¥° 





Pittsburgh metropolitan district, 

stations A-7 and M-12, to station 

3—Sewered population 710,500 

(data for: 1914); og seen . sedepes 3 382 108 jt eeu 170 LOD) |ssesee ds 34:7: bs.3.61h ee 
Wheeling metropolitan district, sta- 

tions 88 to 97—Sewered population 

59,500.( date tor 1914)... eee eee 1 ak RP We 5 2 Li jae fot | rs a. 0 [ance 
Cincinnati metropolitan district, sta- 

tions 461-475—Sewered popula- 

tion 494,300 (data for three years 

J914,- LOUD. ‘ANG 1916) oe ee caine 2, 558 | 14,102 | 11,770 | 1,002 | 18,314 | 12,256 |119 (583 358 
Louisville metropolitan district, sta- 

tions 598-619—Sewered popula- 

tion 179,800 (data for 1914)________. 7,359 | 13, 564 | 10, 841 907 | 15,842 | 7,962 ‘ie 291 222 


In each of these areas there is a considerable population not served 
by sanitary sewers, which nevertheless contributes something to the 
pollution of the river by surface drainage, carried through storm 
water sewers and in natural channels. Also there are, in each dis- 
trict, fairly numerous industrial plants, contributing organic wastes 
which undoubtedly add to the bacterial pollution. No attempt is 
made, however, to take account of these sources in the calculations 
given, since there is no common denominator to which they can be 
reduced for inclusion with sewered population. It may only be said, 
in a general way, that the added pollution from unsewered areas 
would probably be relatively greatest in the Louisville district, and 
that from organic industrial wastes relatively greatest in the Cin- 
cinnati district. (See Table No. 48, p. 82, Section III.) 

The per capita contributions from the Cincinnati and Louisville 
districts, whether calculated on the basis of gelatin counts, agar 
counts, or B. coli are of the same order of magnitude; and may be 
considered in fairly close agreement.'® Moreover, the observations 
at Cincinnati during three successive years are in close agreement, 
as shown in Tables Nos. 100, 101, and 102. 

Small ratio of bacteria to sewered population in the Pittsburgh and 
Wheeling districts —In the Pittsburgh and Wheeling districts the re- 

16 These figures also correspond quite closely to similar calculations for the Sanitary District of Chicago, 
based upon observations during 1921 and 1922 at the lower end of the Chicago Drainage Canal. The 


numbers of bacteria in billions discharged through the drainage canal per diem, per capita of sewered 
poputation contributing were found to be: 








January- June- 
March October 


Waslatin ecu s: iss cle oxi eee ct a a ee oe eae es 4, 086 24, 186 
Agar cotnit.#. 0 "A ete ed Ee Eee FR See eee 561 23, 969 
'B: coli count... 2.) 2620 cate ea ae ee ee eee 32 
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— 


sults are entirely different. As shown in Table No. 105, and in Figure 
29, the per capita contribution of bacteria from these districts is only 
a small fraction of that from Cincinnati and Louisville during corre- 
sponding seasonal periods. Thus, during the months from June to 
October, the per capita bacterial pollution from the Pittsburgh dis- 
trict was consistently less than 1 per cent, and from the Wheeling 
district less than 5 per cent of that from Cincinnati. In the winter 
months, January to March, when no data are available for Wheeling, 


4 













thousand billions 


Gelatin count in 








| ae 
ye is 





B.coli count in 


hundred billions 
o ao 





®t 8 hm PTE 9 = 9 
Pee ckosed = = 
See SR Ges ES 
e 2 2 2233 £3 
ER i 0 J oO 4 





_ Fic. 29.—Numbers of bacteria per capita of sewered population added to the river pai caseppe is 
4 districts of Pittsburgh, Wheeling, Cincinnati, and Louisville. Data from Table No, 10é 


the discrepancy between Pittsburgh and Cincinnati is caries but 
is still very great, the per capita pollution from Bilas + eing 
from 15 to 27 per cent of that from Cincinnati according to the terms 
in which the bacteria are reckoned; that is, gelatin counts, agar counts, 
aes been known that the sewage from different ties HORE 
considerably in volume and composition, so that the per apis! 
charge of organic matter, as indicated by determinations 0 Bf ns ee 

r oxygen consumed may be two or three times as great 4 aoe i 

in others; but the difference between Cincinnati and Louis 
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the one hand, and Pittsburgh and Wheeling on the other, with respect 
to the bacterial pollution contributed to the Ohio River are far 
beyond the range of the usual differences between cities in volume 
and composition of sewage. It would seem certain that the household 
wastes which constitute domestic sanitary sewage must be approxi- 
mately the same in Pittsburgh and Wheeling as in Cincinnati or 
Louisville, so that these wastes from a given number of people must 
contain about the same amounts of organic matter and must be sim- 
ilar in original and potential bacterial content in all four cities. Dif- 
ferences in the other sewage components contributing to the organic 
constituents of combined sewage, namely, organic industrial wastes 
and surface wash, even though they may be considerable, can hardly 
within reason be supposed to account for a thirtyfold to one hundred- 
fold difference in original bacterial content. 

It would seem, therefore, that the observed differences in bacterial 
pollution contributed to the river from the Pittsburgh and Wheeling 
districts as compared with the Cincinnati and Louisville districts, 
can not reasonably be attributed to differences in the original charac- 
ter of organic wastes or their amounts per capita of population. 
The alternative explanation hes in a different direction or extent of 
the changes in bacterial flora between the original sources of the 
wastes and the sampling stations on the river below the respective 
cities. It may be: 

(1) That a constant and considerable bacterial multiplication takes 
place in the Cincinnati and Louisville districts between the original 
sources of the wastes and the river sections where observations are 
made, but that this increase is inhibited in the Pittsburgh and Wheel- 
ing districts. 

(2) That a constant and considerable bacterial decrease takes place 
between sources and sampling stations in the Pittsburgh and Wheel- 
ing districts, but to a less extent or not at all in the Cincinnati and 
Louisville districts. 

(3) That changes in both directions take place in all four districts, 
but with a different balance between increase and decrease. 

All things considered, it would seem that the ratios of bacterial 
pollution to population observed at Cincinnati and Louisville are 
the ‘‘normal”’ or usual ratios, comparable to what may be expected 
from other cities generally, and that the ratios are abnormally low 
at Pittsburgh and Wheeling, due to the action of unusual influences 
tending to destroy sewage bacteria or inhibit their normal multi- 
plication. Certain it is, that, at least in the Pittsburgh district, 
some very unusual conditions exist which may reasonably be sup- 
posed to have this influence, namely: 

(1) The waters of the Monongahela River shiver a high content 
of acid iron salts, and frequently the presence of free acid, due to the 
acid drainage from coal mines and wastes from steel industries. 
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These wastes apparently have a definite bactericidal and inhibitory 

effect. The waters of the Ohio, below the confluence of the Allegheny 
and Monongahela, though seldom reacting acid to methyl orange, 
have a high content of acid iron salts. 

(2) When the waters of the Monongahela, carrying acid iron 
salts, meet the waters of the Allegheny, containing alkaline car- 
bonates, a very noticeable precipitation results especially in the 
pool formed above Dam No. 1, when the wickets of the dam are 
raised. This would tend to hasten sedimentation, and might also 
tend to cause clumping of the bacteria enmeshed in the precipitate, 
thus reducing the bacterial plate count. 

(3) During low river stages, such as prevailed from June. to 
October, 1914, when the Ohio River dams below Pittsburgh are 
raised, the velocity of flow in this section of the Ohio, and in the 
Allegheny and Monongahela immediately above, is very low, so 
‘that the time elapsing between the discharge of sewage into thé 
river from the sewer outlets of Pittsburgh and its arrival at sampling 
station No. 3 is quite prolonged. Since the sewer outlets are 
scattered, no exact calculation of time has been attempted; but the 
mean time of flow from the point of the Pittsburgh “peninsula”’ 
to station No. 3, as calculated for the months June to October, 
varied from 18 hours in June to more than 100 in October; and the 
mean time of flow from sewer outlets would probably be as great or 
greater. These are considerably longer than the estimated inter- 
vals between sewer outlets and proximal sampling stations at 
Cincinnati or Louisville; and it may well be supposed that the 
bacterial decrease taking place in the river in such time intervals is 
‘considerable (see p. 288). Such an explanation is not competent, 
however, to account for the low bacterial pollution from Pittsburgh 
during March, April, and May, for during these months high river 
‘stages prevailed, such that the calculated times of flow from the 
‘point of the ‘‘peninsula”’ to station No. 3 were less than Aas hours. 
According to all available evidence, the bacterial reduction resulting 
from the usual agencies of natural purification within such a short 
time interval, at winter temperatures, would be very slight. 

_ Whatever its explanation, the extraordinarily low ratio of bacterial 
pollution to population in the Pittsburgh and Wheeling districts 1s 
a very remarkable, and, it would appear, a very fortunate fact. Had 
the pollution from the Pittsburgh metropolitan area borne the same 
ratio to population as at Cincinnati, the average agar count m the 
Vicinity of Pittsburgh during the summer of 1914 would have been 
in the neighborhood of 1,000,000 per cubic centimeter, instead of the 
observed count of less than 30,000 per cubic centimeter. . 

~ Comparison with previous estimates of sewage bacteria per capita.— 
Taking a mean '’ between the estimate for Cincinnati (3 years) and 
GEE tap ahh tite ea aa 


ght to 1 year’s observations at Louisville as to 3 years at Cincinnati, 












7 A simple mean, giving the same wei 
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that for Louisville (1 year), the average numbers of bacteria added 
to the river daily, per capita of sewered population are: 


Gelatin ‘count! 228 sath ops 2 SEA eet ee. 11,300 billions. 
ABBE. i oot kin a ie eee OR Fe Ae 10,100 billions. 
Bu colizwivyces-.{aledanconolt . ahh Jo. ode 290 billions. 


These numbers are considerably higher than the estimates commonly 
given. For example, Fuller’® states that according to an estimate 
made by him in 1894, from observations at Lawrence, Mass., the 
sewage bacteria (presumably referring to gelatin count) amounted to 
about 320 billions per capita of sewered population per diem. Again, 
it is commonly stated that the bacterial count of sewage ranges from 
1,000,000 to 10,000,000 per cubic centimeter, and that the number of 
B. coli is around 100,000 per cubic centimeter. Allowing a rather 
liberal per capita flow of sewage of 250 gallons per diem (for com- 
bined sewage), these figures would correspond to 946 billions and 
9,460 billions, respectively, of total bacteria and 95 billions of B. colt 
per capita per day. These figures, again, are much in excess of those 
given by MacNeal, Latzer, and Kerr? for the average bacterial con- 
tent of feces of normal men. They kept careful record for some 
months of the total weights of feces passed by some dozen men, and 
made frequent plate counts (on agar at 37° C.) of carefully prepared 
suspensions of weighed amounts. Their results showed that the 
average number of bacteria capable of development on agar at 37° C. 
was about 5 billions per capita per diem. Their figures are hardly 
comparable, however, to estimates based on the examination of 
sewage, since the bacteria in sewage are derived in part from sources 
other than human excreta, and since there is probably some mul- 
tiplication in the sewers, or at least a disintegration of solid particles 
and clumps, tending to give a higher bacterial count. 


INFLUENCE OF MAJOR TRIBUTARIES UPON THE POLLUTION OF THE 
OHIO RIVER 


The monthly means of agar counts made at sampling stations 
upon tributaries which enter the Ohio River between Pittsburgh and 
Paducah are summarized in Table No. 106, together with the results 
of observations on the Ohio River at the station next above each 
tributary. 

In addition to observations on these major tributaries, samples 
were collected from one to four times a month during June, July, 
August, September, and October, 1914, from the six large tributaries 
which empty into the Ohio between Wheeling and Portsmouth, 
namely, the Muskingum, Little Kanawha, Hocking, Kanawha, Guy- 
andotte, and Big Sandy Rivers. The results of these examinations 





18 Fuller, George W., Sewage Disposal: McGraw-Hill Book Co., New York, 1912, ist ed., p. 44. 
19 MacNeal, W. J., Latzer, L. L., and Kerr, J. F., The Fecal Bacteria of Healthy Men, Jour. Infect. 
Dis., 1909, vol. 6, Nos, 2 and 6, : 
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are summarized in Table No. 107, to which are added corresponding 
results during the same months at Ohio River sampling stations Nos. 
104 and 348, between which these tributaries empty into the Ohio. 


TABLE No. 106.—Mean monthly numbers of bacteria (agar counts) at sampling 
stations on major tributaries of the Ohio River and at stations on main stream 
immediately above, 1914 

tet kre es ie ene in ily 


Bacteria per cubic centimeter on agar at 37° C. 
Sampling stations 





Jan. | Feb. | Mar.| Apr. | May | June | July | Aug. | Sept.| Oct. | Nov.| Dec. 





Ohio River, 23 = eee 2 Of ley) | Rome | BP SRR ee 28 620} 1, 780} 6, 830) 5, 340) 2, 100} 1, 920 ft, 200| 22 Scr eee 
Pea ven Hivercst iif 82 | gos type i 3, 000) 3, 460) 2, 830] 7, 850)11, 200] 9, 860] 6, 520)_---__|______ 
Ohio River, 348 LUSElS ae 816} 993) 630} 1,060} 904} 440) 1,290) 1,720] 816) 836|_____.|______ 
Scioto River —=__....22- 2, 180} 4, 140) 3,060) 3, 500} 1,810) 2, 850} 3, 000/11, 400} 3, 140 rR) ie aie eee 
Ohio River, aor en=-. et Sh 440] 1,360) 854} 690] 390 190} 400} 1, 260) 1, 280) 3,270} 120} 3, 630 
Little Miami River--___ 640) 5, 060) 3, 260) 2,970} 926] 5, 500} 3, 180/11, 800] 2, 620 3, 800} 1, 140/12, 400 
Dicking River__-..--._- 1, 960} 1, 840} 2, 100] 1, 370} 2, 600} 8, 900} 4, 320) 9, 700} 4, 600 5, 550} 2, 080/13, 950 
(aise an GS ee aeemtigle a ly edhagll fit Sela sealpiegl 4, 940/24, 900/50, 800/29, 900/29, 800/50, 800/27, 900/79, 300/45, 400 
TST LSet 2): a a Tea Wea ee aR 4, 480) 2, 790 933} 3, 030/11, 100) 1, 690} 1, 820) 1, 570} 7, 800 
Giaie Tei eeiets fhe Poser ceeds if pe ee abl a oe Ee 2, 860) 8, 900! 3, 800} 3, 150/13, 200 
SEMAN Gre areas tae |e |e lccoes leat ceeenne 1, 800} 2, 630} 1,340} 322) 4, 590 
aay asics 1h Coed Reinet ead (PRRs ‘a peiieees Oem (agian 924; 646 129} 221 SUL at. Slee 
Cumberland River ios: }zi2 2. 2 eho ek see FAS F213)" -S20h  ¢S22io7 79817 G18e- eet e 
Ging Riveniosve este atte fee fo baer 639 690 200 225 684 12) Me ge Pee 
mOESRGrrLtvOre. joc he io cote he 262by 1801 vel bake Lydia ole AOD te UF 





Taste No. 107.—Mean monthly numbers of bacteria per cubic centimeter (agar 
count) at sampling stations on tributaries entering the Ohio River between Wheeling, 
W. Va., and Portsmouth, Ohio, June to October, 1914 





Bacteria per cubic centimeter—Monthly means 
Sampling stations 


June July | August | ; aaa October 
Le ERT ES TORS ES ee ge Ss Se eee 2, 530 2, 000 2, 740 i, 000 1, 500 
CIIPAT BVT toa Soe tao cle mec cece ce 428 456 294 185 
Little Eenavin VSR et aed ple Lape aap RI SNS TN i 4 SRR) Rn eg od 12, 000 18, 200 5, 230 1% 
eS Range eet Weted tan fe ke Sao Fs Ae SE as ge ao 370 1, 150 677 3 
Pe EEMOL to 1 ne oe bnown canes SSeS 328 177 147 
Gayendette) Wivetsa: {s.o-5. 2.2 -seakuwe oe een ts 563 354 11, 300 2, 460 + 
ES 4 i a a 722 43 499 500 
GAITPER TV OUR DO aes oon St oe ence saab eebses 438 1, 290 1,.720 816 836 





_ According to these incomplete and generally unsatisfactory rec- 
ords, the Muskingum, Hocking, Kanawha, and Big Sandy showed 
but slight pollution, almost invariably less than that of the Ohio 
River at station 348. On the other hand, samples from the Little 
‘Kanawha at Parkersburg and from the Guyandotte at Huntington 
showed quite high pollution. It is probable, however, that these 
streams, at the sampling points chosen, were affected by local wastes 
from the adjacent cities, although it was thought, when the sta- 
tions were located, that they were above all important local sources 


- 


of pollution. : 
Ks to the tributaries included in Table No. 106, for which dis- 


charge estimates are available, their effect upon the pollution of the 
main stream at their respective junctions may be somewhat more 
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significantly stated. If the number of bacteria per cubic centimeter, 
as observed in the tributary, be converted into quantity units—that 
is, multiplied by the discharge in second-feet—and added to the 
bacteria carried by the main stream above, the sum represents the 
quantity units of bacteria carried by the main stream immediately 
below the tributary junction. Dividing this sum by the sum of the 
discharges of the main stream (above) and the tributary gives the 
number of bacteria per cubic centimeter in the main stream below 
the junction, which may be either greater or less than the number 
per cubic centimeter above the junction, according as the tributary 
is more or less highly polluted than the main stream. The differ- 
ence (calculated number per cubic centimeter below junction minus 
observed number per cubic centimeter above) expressed as a percent- 
age of the observed number per cubic centimeter above, indicates the 
percentage increase or decrease in the density (number per cubic 
centimeter) of bacteria in the main stream resulting from the inflow 
of the tributary. Table No. 108 shows the influence of six major 
tributaries as thus calculated for each month for which data are 
avaulable, the calculations being based on agar counts as given in 
Table No. 106, with the addition of data for the years 1915 and 1916 
for the Miami and Kentucky Rivers. The Little Miami and the 
Licking, which are included in Table No. 106, are omitted from this 
table because they join the Ohio River within the stretch which 
receives the sewage of the Cincinnati metropolitan district, and their 
effect upon the main stream is negligible in comparison to the effect 
of this sewage discharge. Also, it was unavoidable that the sampling 
stations on both these streams should be located below the outlets 
of certain sewers from the Cincinnati metropolitan district, so that 
the samples collected do not indicate precisely the conditions exist- 
ing in the tributaries independent of this immediate pollution at 
their mouths. 


TasiEe No. 108.—Influence of major tributaries upon bacterial count (numbers per 
cubic centimeter) of the Ohio River at their respective junctions as calculated from 
bacteriological examinations and discharge measurements of each tributary and of 
the Ohio River above its junction, based on agar counts, monthly means 


Percentage increase (-+) or decrease (—) in bacterial count (numbers per cubic 
centimeters) in main stream 


On se er. a 
Month Fa darverdiideeten Miami River Pe ccc. gee Cumber Tennes 
River, | River, Riv Rive 
1914 | 1914 | 1914 | 1915 | 1916 |, 1914 | 1915 | 1916 cook , Notas 

denier y So. Soe eee pe a A: | +8. 2 | +30.0 |..-_--_- mS | One | ik ol ee 
Wepruary.22 22 2s +29. 0 |__-____- +36. 5} +17. 1 |-------- me Loe OLS pe ect Lh eee 
March fs Sle +48. 0 ju_..--_- +2.2 | +16. 8 j_-c_---- +10. 0 0 1S 8 oe MI en ee 
INDRA Seana +48.0 | —24.4 —0. 5 —4, 2 saa ota ee dcr Yee Al |e wy a sb |e | OR ; 
Ph as Peed +17.0;} +64 —3.0 —4,6 ct ho i ee a —5.2 —.2 —2. 5 —9,4 — 
hb as) 2 ape fa ee cae dw —4.8|+27.0} —5.4} 49.0] —3.6]_-_-___- +6.2! +2.1 —6.0 —20.4— 
a pic hy apes gerne +3. 7 +5. 5 —4, 5 —7.7 eh OD fei —1.3 +9. 1 +30. 2 —6.0 
AMPVISG 20 ee ek +38. 0} +44. 0 —4,8 —4,3 -1.9 —2.4 —.4 —2.1 +9.1 —7.6 
September-_._.-- +42.0) +14.0) —4.4]) —8 14> -5.2],,£53] —21.4) +13.9 —.6 —12.8 7 
Cerobereess.. 2: +52.0} —36.0) —6.4 —5.4 —2.6} —11.2 —1.9 +6. 6 +5.8 +.6 Fy 
Novemiberers:: ul oil aoe teed be ee —6.1 —4.1 —2,9 rz ty Be lew t8: Dek om |s sexs decne.lewene page 
WJBCONIDEL oan. tao awe sleet eee —2.0} +5. 4 4.8) +8.9 “te Ol onesnassnclodee Cee 
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Of the SIX tributaries shown in this table only two, the’ Beaver 
and the Scioto, consistently tend to increase the pollution of the 
Ohio at their respective junctions. Both of these tributaries are at 
times fairly umportant factors in the total pollution of the main 
stream, increasing the density of bacteria from 25 to 50 per cent. 

The influence of the Miami and Kentucky Rivers upon the pollu- 
tion of the main stream is of interest because these are the only 
important, tributaries which flow into the Ohio between Cincinnati 
and Louisville, in the stretch. which is most favorable for the study 
of natural purification. The Miami, though it receives the sewage 
of two considerable cities, Dayton and Hamilton, within 85 miles 
above its mouth, is usually less highly polluted than the Ohio at 
their junction, which is about 20 miles below Cincinnati, and tends 
usually to decrease the pollution of the main stream. In 9 of the 
33 months included in the tabulation the effect was in the opposite 
direction and in 4 of these months during the winter season was over 
15 percent. With these four exceptions the effect, in either direction, 
was less than 10 per cent; that is, within the margin of probable 
observational error. 

The Kentucky River joins the Ohio midway between Cincinnati 
and Louisville, at a point where the Ohio is less highly polluted than 
at the Miami junction and consequently more sensitive to added 
pollution. Notwithstanding this the influence of the Kentucky was 
more frequently to decrease than to increase the bacterial count in 
the Ohio. In only three months did the effect in either direction 
exceed 9 per cent. 

The Cumberland and the Tennessee are the two largest tributaries 
of the Ohio, both joining the main stream within the last 50 miles of 
its course. The Cumberland River in one month added materially 
(30 per cent) to the pollution of the Ohio, but in the remaining five 
made no material change. The Tennessee was found to be some- 
what less polluted than the Ohio River at their junction. However, 
the Ohio, at its junctions with these rivers, was very slightly pol- 
luted during the period of observation, and both the Cumberland 
and the Tennessee were found to be much less polluted than any of 
the other major tributaries included in Table No. 106. 

In general, none of the major tributaries of the Ohio appears to 
make any abrupt change in the status of pollution of the main 
stream, and, as a rule, though with exceptions, the tributaries at 
their mouths are less highly polluted than the Ohio, as would be 
expected in view of the greater concentration of urban population 
along the course of the main stream. 

CHANGES IN BACTERIAL CONTENT OF THE RIVER BETWEEN SsUC- 
| CESSIVE SAMPLING STATIONS 

In passing downstream from Pittsburgh the bacterial content of 
the river is constantly changing, due to the inflow of sewage from 
cities, tending to increase the pollution; the inflow of tributaries, 
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tending either to increase or decrease it, and the action of natural 
agencies, presumably both physical and biological, tending generally 
toward the destruction or removal of bacteria. These changes, as 
indicated by gelatin counts, agar counts, and B. coli index, are 
shown in detail for each month in the basic tables already presented, 
but a better general view of them is given by Table No. 109, in which 
the agar counts at all sampling stations on the Ohio are shown in 
the form of means for four periods of 1914, namely: (1) January to 
March, (2) April, (3) May, and (4) June to October. As shown 
in the following summary, each of these periods represents a different 
range or combination of temperature and discharge, the physical 
conditions which are apparently of most influence in determining the 
bacterial content of the river. 











Discharge at Cincinnati, River temperatures at 
second-feet Cincinnati, °C 
1914 
Maxi- Mini- Maxi- | Mini- 
mum ! mum ! Mean mum !| mum! Mean 
January to March: se. 2ee bot spas Ses. ey 248, 000 64, 200 | 144, 000 9.2 0.5 ay 
ADIL. Po a Sean ee See Ee eee 364,000 | 171,000 | 248, 000 15.7 a0 10.5 
Mayi2-tuolectios lyin peel St mi 202, 000 27,800 | 126, 000 22.15 1556 7 
June'te October. 229 shack sh, eae eee S 49, 300 6, 970 16, 200 30. 5 18.5 24.6 


1 Maxima and minima refer to daily observations. 


TaBLE No. 109.—Summary of average bacterial counts (agar) at principal Ohio 
River sampling stations during four seasonal periods of 1914 


Mean numbers of bacteria per cubic centimeter 


sant, [apa [May | Tame 
; mean tem-|(mean tem-|, VC: 
Ohio River sampling stations — pit eelneeag perature | perature flees a 
; OC 10.5°C., | 17.1°C., | Brigo c 
. ”? ic. ice . ” 
mean dis- | Mean dis- | mean dis- | ean dis- 
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1 Mean temperatures and discharges as observed at Cincinnati, station 475. 
p ; Now ae ier station No. 5, 2 miles below station No. 3, the observations at the latter station having been 
nterrupted. 
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During the first period, from January to March, characterized by 
moderately high river stages and low temperature, the bacterial 
count is not very high at any point, the maximum being 3,950 per 
cubic centimeter at station 611, below Louisville. The large cities, 
Cincinnati and Louisville, increase the pollution perceptibly but not 
greatly. The decrease (about. 30 per cent) in the long stretch 
(348-461 is of doubtful significance; and in the stretch between 
Cincinnati and Louisville (475-598) there is an actual, though 
hardly significant, increase. On the whole, the pollution tends to 
increase from Pittsburgh to Louisville. 

During April the ranges of pollution are similar; but there is a 
definite and considerable decrease in bacterial counts in the two 
long stretches, 348-461 and 475-598, which are relatively free from 
additions of sewage. 

In May the bacterial count immediately below each of the large 
cities is higher than in the preceding periods, notably so below 
Cincinnati, and a very marked reduction takes place in stretches 
3-11, 23-65, 358-461, 475 (or 492)-598, and 619-904. In the short 
stretches 475-492 and 611-619, immediately below Cincinnati and 
Louisville, respectively, the bacterial counts are increased, not de- 
creased, as might have been expected. As the differences between 
this period and the winter period (January to March) in discharge, 
and consequently in times of flow between successive points, are not 
very considerable, the greatly altered range and course of bacterial 
pollution would appear to be related to the difference in temperature. 
The effect of a higher temperature might be either direct, favoring 
the multiplication of bacteria in sewage and accelerating their death 
rate in the river, or indirect, through the establishment of a differ- 
ent biological balance between bacteria and plankton. 

_ The period from June to October represents fairly stable conditions 
of summer temperature, from 18° to 26° C., low water, and greatly 
prolonged times of flow from section to section. The bacterial 
counts immediately below the large cities are increased very greatly, 
especially below Cincinnati and Louisville, reaching an average of 
233,000 per cubic centimeter at station 475; but this is counter- 
balanced by the much more extensive bacterial decrease in stretches 
below these and the other cities, so that at stations 65, 348, 461, 598, 
and 904, which are fairly remote from sources of gross sewage pol- 
lution, the counts are hardly any greater, or in some instances are 
less, than during the winter and spring periods. ‘The most extensive 
purification takes place in the stretch from 475 to 598, within which 
the bacterial count decreases from 233,000 to 570 per cubic centi- 
eter, a reduction of 99.75 per cent. V 

The extreme differences between winter and summer conditions, 
ith respect to time intervals between successive stations, as well as 
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range of bacterial pollution, may be appreciated more readily from . 
a graphic representation, as in figure No. 30, in which observations 
for two typical months, January and September, are plotted upon a_ 
uniform scale. | % 

PART II 


THE EXTENT AND RATES OF NATURAL PURIFICATION 


It is sufficiently evident from the facts already shown that ex-. 
tremely potent forces are operative, especially during the summer, — 
tending toward the removal or destruction of the bacteria added in 
the sewage from urban communities, and that their net effect in 
reducing the bacterial content of the river at points remote from the 
major sources of pollution is enormous. To give.a single illustration, 
if the bacteria present in the Ohio River at station No. 3, below 
Pittsburgh, plus those added at Wheeling, Cincinnati, and Louisville 
had all remained in the river, and alive, the bacteria from these 
sources alone would have given a mean count of 91,000 per cubic 
centimeter below Paducah (at station 933), during the months from - 
June to October, 1914, instead of the observed count of 431 per cubigg 
centimeter. F 

But while it is a very simple matter to demonstrate the fact that. 
the bacteria in many stretches of the river are undergoing a rapid 
decrease due to natural agencies other than mere physical dilution, 
it is not so simple to measure the reduction directly attributable to 
these agencies. This requires that other factors imfluencing the 
numbers or density of the bacteria be excluded or accounted for; 
and there are few stretches of the river in which these conditions can” 
be met. For example, between stations 3 and 11, below Pittsburgh, 
the river receives additional pollution from the sewage of about 
35,000 people. Between stations 23 and 65 it receives the inflow 
of the Beaver River, as well as the sewage from 48,000 sewered 
population, while between stations 104 and 348, also between sta- 
tions 619 and 904, a number of cities discharge sewage and several — 
major tributaries join the Ohio. Therefore while it is evident from 
the observations made that purification is proceeding actively in~ 
these stretches, its effects are to some extent masked. The stretch 
immediately below Louisville, between stations 611 and 619, though — 
free from any additional sewage pollution of measurable effect and 
from any significant inflow from minor tributaries, does not serve” 
to measure natural purification, because the ben denny between 3 
these stations is usually toward an increase rather than a decrease 
in pollution, and because it seems probable that the observations at 
station 611 are affected by a sampling error of such magnitude as 0 _ 
make them unreliable. e.g 
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Fic. 30.—Agar counts at successive sampling stations on the Ohio River in relation to time of flow in March and in September, 1914 
; 95404°—24. (Face p. 262.) 
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} fen RIVER STRETCHES SUITABLE FOR STUDY OF NATURAL PURIFICATION. 


; This leaves only two long stretches, 348-461 and 475-598) which are 
‘sufficiently free from Increments of sewage pollution and of dis- 
charge to be considered suitable for quantitative study of natural 
‘purification. 
The first of these stretches extends from station 348, just below the 
junction of the Scioto River, to station 461, a short distance above 
Cincinnati. No major tributaries join the Ohio between’ these 
‘sections, and the minor tributaries’ which discharge into it have 
a combined drainage area of not more than some 2,200 square miles, 
which is but little over 3 per cent of the drainage area above station 
348, and may be considered, therefore, as making no material in- 
crease in the discharge. The total population of towns and villages 
situated along the shores is about 6,000, including less than 3,000 
served by sewerage systems, distributed as shown in Ficure 14, 
p. 69; and it is certain that the sewage from such a small popu- 
lation would have hardly any measurable effect upon the pollution 
of the Ohio. The monthly mean times of flow from station 348 to 
461 varied, during the 10 months’ of observation, from 34 to 100 
hours; and the general tendency, as shown by reference to Table 
No. 109, was toward a decrease in numbers of bacteria between 
the upper and lower stations. 
This stretch would appear, therefore, to be suitable for a quanti- 
tative study of natural purification; but analysis of the observations 
at stations 358 and 461 shows that the bacterial decrease between 
these sections was not consistent in all months, even during the 
period from June to October, and was not at all comparable in ex- 
tent to the decrease taking place in similar time intervals between 
Cincinnati and Louisville (stations 475 to 598). Since the interpre- 
tation of these rather.puzzling observations, so far as they can be 
interpreted at all, is dependent largely upon inferences derived from a 
study of the stretch from stations 475 to 598, it will be more profit- 
able to consider the latter stretch first, returning later to this one. 
The river stretch between Cincinnati and Louisville—The upper 
sampling station in this stretch, station 475, was located 6 miles 
above Dam No. 37, about 7 miles below the central portion and 
Main sewer outlets of Cincinnati, and well below the outfalls of all 
large sewers from this district. The lower station, No. 598, was lo- 
cated just above Louisville, opposite the intake of the municipal 
waterworks. Between these sections were four other sampling sta- 
tions, Nos. 482, 488, 492, and 543. As the numbers of these stations 
correspond to their respective distances in miles from Pittsburgh, 
the distance between any two of them is indicated by the difference 
between their designating numbers. The location of each of these 
stations is described more minutely in Section IV, pp- 98-104, and 
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their relations to tributary outlets and villages are shown in Figure 
No. 14, Section III. 

Within this stretch the Ohio receives,two important tributaries, 
the Miami, entering between stations 488 and 492; and the Ken- 
tucky, entering just below station 543. These two rivers together 
drain an area of about 12,320 square miles; and minor tributaries 
add a drainage area of about 1,800 square miles. Altogether, then, 
the drainage area above the Miami, which is 76,586 square miles, 
is increased by about 19 per cent. at station 598; and this is ap- 
proximately the ratio of increase in discharge, although this varies 
from month to month. | 

The aggregate population of all the villages situated immediately 
adjacent to the river within the stretch was, in 1915, about 15,100, 
but the sewered population amounted to only about 1,700, distrib- 
uted in small groups, none being of sufficient size. to add measurably 
to the bacterial content of such a large stream as the Ohio, even at 
low stages. 

Observations at stations 475, 482, and 598 extended through three 
full calendar years, 1914, 1915, and 1916; at. stations 488, 492, and 
on the Miami, extended through 33.months, from April, 1914, to 
December, 1916, inclusive; and at stations 543 and on the Kentucky 
they covered 29 months, from August, 1914, to December, 1916, 
inclusive. Sampling schedules, whish varied somewhat from time 
to time, are shown in detail in Figures 21. and 22, Section IV. For 
the most part, collections were made six times weekly from stations 
475, 482, and 598; three to six times weekly from stations 488, 492, 
and the Miami River; and twice weekly from stations 543 and the 
Kentucky River. . 

Influence of tributaries between Cincinnati and Louisville—As 
gaging stations were maintained on the Miami and Kentucky 
Rivers, and records kept of daily gage heights, the discharges from 
these streams can be calculated with fair precision; and these dis- 
charge figures, when combined with bacteriological observations on 
each tributary and on the main stream immediately above, furnish 
the data required for determining the influence of the tributary upon 
the bacterial content of the Ohio at the junction point. 

An analysis from this point of view, showing the influence of each 
of these tributaries upon the density of bacteria in the Ohio at their 
respective junctions, by months, has already been presented in 
Table No. 108, p. 258. 

During the months April to November, 1914, 1915, and 1916, the 
inflow of the Miami, as calculated in this table, affeéted the bacterial 
count as observed at station 488 by less than 10 per cent, usually 
less than 5 per cent; and in 22 of these 24 months the tendency of 
this effect was toward a decrease in the pollution of the Ohio. Dur- 
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ing the winter months, December to March, the influence of the 
Miami was usually in the other direction, tending to increase the 
pollution of the Ohio, and was relatively greater. The maximum 
effect observed was an increase of 36.5 per cent in one month; and 
in three other months the effect ranged between 15 and 30 per cent, 


-but even in winter the effect was usually under 10 per cent. 


The effect of the Kentucky was likewise more frequently to de- 
crease the pollution of the Ohio during the summer months and to 
increase it during the winter; but, with two exceptions, the calcu- 
lated effect in either direction was less than 10 per cent, the maxi- 
mum influence being an indicated increase of 14 per cent in one 
month. 

Whether or not the attempt be made to correct observations at 
station 598 to take account of the influence of these tributaries, cer- 
tain assumptions are necessary in either case. Correction may be 
made by adjusting the bacterial count observed in the main stream 
above the tributary junction to the count that would result immedi- 
ately below the junction from mixture of the two streams. This 
involves two assumptions, namely: 

(1) That aside from the influence of the tributary, the numbers of 
bacteria in the main stream would undergo no change between the 


sampling station above the tributary and a point corresponding to 


the junction. Such an assumption would perhaps be warranted at 
the junction of the Kentucky; but in the zone of the Miami junction 
the bacterial content of the Ohio is usually changing at a very rapid 
rate, so that even in the short distance between stations 488 and 492 
(where the correction would have to be applied) this assumption 
would be more or less in error. 

(2) That the bacteria added from the tributary, after they had 


reached the main stream, followed the same course of changes, and 
_ at the same rate as the bacteria originally present in the main stream. 
_ This need not necessarily be the case, but no other assumption is 
justified or workable. 


If no correction is attempted, the effect of tributary inflow being 


disregarded, this also implies two assumptions, namely: 


(1) That the density of bacteria in the tributary was the same as 


that in the main stream at the junction. 


(2) The second assumption stated above as to identical rates of 


decrease below the tributary junction. 


As a matter of fact it makes no very great difference whether “cor- 
rections” for tributary inflow be made or not, for, as indicated by 
Table 108, neither the Miami nor the Kentucky makes any very 
material change in the state of pollution of the Ohio at their —— 
tive junction points except under rather rare conditions ; snr ordi- 
narily any correction attempted would be within the range of observa- 
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tional error. Therefore, the simpler method has been followed, of 
attempting no corrections for these tributaries, this being the 
method which must necessarily be applied to the minor tributaries for 
which no data are available. 

In certain of the analyses which follow, results are expressed in 

“quantity units” (bacteria per cubic centimeter multiplied by dis- 
charge in thousands of second-feet); and im such cases the discharge 
factor used at all stations, including station 598, is the discharge 
observed at station 475. This is equivalent, in the assumptions 
which it implies, to the method followed in dealing with numbers per 
cubic centimeter, where no correction for tributary inflow is attempted. 

On the whole, it appears from a careful study of all the data that 
the inflow from the Miami and Kentucky Rivers ordinarily intro- 
duces no material error in observations between stations 475 and 598; 
and the same is probably true, in general, in the minor tributaries. 
Under certain conditions, however, when the Ohio is at low stages 
and bacterial content in the lower half of the stretch below the Ken- 
tucky River is very low, the inflow from small tributaries; swollen by 
local rains, may temporarily increase the bacterial count at station 
598 to a disproportionate extent, thus tending to obscure partially 
the effects of natural purification. It is doubtful that the tributary 
inflow ever tends materially to exaggerate the apparent reduction 
attributable to natural purification. 


METHODS OF GROUPING DATA FOR STUDY OF NATURAL PURIFICATION. 


Since the tendencies shown by the gelatin counts, the agar counts, | 


and the B, coli group are substantially the same, it is unnecessary to 
discuss them all in detail; and the agar count group, which seems to be 


more or less intermediate between the gelatin count and B. coli groups, - 


will be taken as a basis for discussion, giving parallel tabulations of 
gelatin counts and B. cola déterminatians only as may be necessary 
for final comparisons. 

Seasonal pertods. —It will also be convenient, from the outset, to 
group the data in two seasonal periods, a “‘winter’’ period, inehiding 
the months December, January, February, and March; and a 
“summer” period, comprising the months April to November, 
inclusive, since the bacteriological eign in these two periods 
differ distinctly. 

The winter period represents Air coindétinats quite dis- 
tinct from those of other months, and of quite narrow range, since the 
monthly mean temperatures of sic river water in these months vary 
only from 1.5° to 4.7° C. The range of mean discharges in these 


months is from 64,000 to 304,000 second-feet, that is, it includes high 


and moderate dlibehsirincat but not the low rates frequently observed 
in summer | 
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The temperature range during the months from April to November 
is quite wide, the monthly means varying from 8° to 27° ©. Any 
detailed study of the relation of temperature to the rate of natural 
purification would therefore require a subdivision into narrower 
temperature ranges, and with this purpose in view these eight months 
were originally grouped as follows: April and November, tempera- 
tures 8° to 12.5° C.; May to October, temperatures 15° to. 19°. C.; 
‘and June to September, inclusive, temperatures 21° to 27° C, - How- 
ever, a number of preliminary analyses of data classified in this 
manner and in other seasonal groupings have failed to show any 
‘consistent differences in the bacteriological phenomena which can 
be related to temperature or other seasonal changes within the range 
represented by the months from. April to November; and it. has 
seemed. preferable to consider these eight months as a single seasonal 
period rather than to attempt any more elaborate classification. 

~ The observations within this seasonal period include altogether 24 
months (8 months each year for three years), covering a wide range of 
‘stream flow conditions, with monthly mean discharges varying from 
11,800 to 248,000 second-feet. During 16 of these months. the 
discharges were less than 60,000 second-feet, thus falling below the 
minimum observed in any month of the winter period; but during 
the other 8 months the discharges, ranging from 70,000 to 248,000 
second-feet, were within the same range as those observed in the 
winter. It is thus possible, in the months when discharge conditions 
were comparable to those obtaining in winter, to distinguish differ- 
ences in bacteriological phenonema not attributable to differences in 
stream flow, velocity, and time intervals. 

The bacteriological phenomena of the winter season differ from 
those of the warmer months not only in rates of purification, which 
are discussed later; but also in higher ratios of gelatin counts to agar 
counts and to B. coli, and, in the zone immediately below Cincinnati, 
in much lower bacterial counts in proportion to discharge. For 
example, in June, 1916, with a discharge of 109,000 second-feet the 
‘agar count at station 475 was 27,200, whereas in January, 1914, 
with a discharge of 88,700 second-feet, the count was only 3,080 per 
cubic centimeter. A study of daily observations shows that the 
change in bacteriological conditions was established each year in late 
November, or early in December, with surprising suddenness. The 
change from winter to “summer” conditions was more gradual and 
more variable in time, but was more or less definitely established 
during the month of April in each of the three years of study. 
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SUMMARY OF MONTHLY MEAN COUNTS BETWEEN CINCINNATI AND LOUISVILLE | 
The monthly mean agar counts at all sampling stations between 
Cincinnati and Louisville during these two seasonal periods of 1914, 
1915, and 1916, are summarized in Table No. 110, which also shows 
for each month; the mean river temperature, gage height at Cin- 
cinnati (lower gage, Dam No. 37), discharge at Cincinnati, and the 
mean time of flow to each station from the middle of the river prism, 
461-475, in which Cincinnati lies. This section, at a distance of 7 
miles above station 475, corresponds approximately to the center of 
the Cincinnati metropolitan district, near the junction of Mill Creek, 
and is in the vicinity of the main sewer outfalls. It is taken as 
representing the sewer outfalls of the entire metropolitan district. 
Actually, these outfalls are distributed along the whole water front, 
over a distance of about 15 miles, but this section represents approxi 
mately their mean distance above station 475, and the approximate 
distance of the larger sewer outlets. The months in each season 
period are arranged in this table in ascending order of discharge, 
which corresponds to descending order in relation to time of flo 
from the origin to any station. | 
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i. Occurrence of maximum count below Cincinnati.—Referring first to 
the observations for the months from April to November, it is seen 
that there is invariably a decrease in the numbers of bacteria be- 
tween station 475, next below Cincinnati, and station 598, at the 
extreme lower end of the stretch; and that this decrease is greater 
as: the time of passage between these stations increases. Beyond 
this it may be noted: 
(1) That in certain months this decrease is consistent and pro- 
gressive, the count being highest at station 475 and decreasing 
regularly at each successive downstream station. 
(2) That in certain other months there is a regular increase in 
counts at successive downstream stations, until a maximum count 
is reached at station 482, 488, or 492; and from that point down- 
stream a progressive decrease. 
_ (3) That in still other months there are irregularities in the 
‘sequence, as for instance in the first month (November, 1914), 
shown in the table, where a marked decrease from station 475 to 
station 482 is followed by higher counts at stations 488 and 492. 
Irregular as these results appear at first inspection, there is never- 
theless a certain regularity in their tendencies. In the first 12 
months, that is at river stages of 10.1 feet or less, the highest count 
was observed: 

At station 475, 9 times; 

At station 482, twice; 

At station 488, once. 
In the second 12 months, at river stages of 10.3 feet or over, the 
highest count was observed: 
eva At station 475, twice; 

At station 482, twice; 

At station 488, twice; 

At station 492, 6 times. 
Thus, the maximum count tends to occur farther downstream as 
the river stage rises; that is, as velocity of flow increases, and as 
the time elapsing from the sewer outlets of Cincinnati is shortened. 
~ Counting each monthly mean as one observation, the table shows 
a total of 96 observations during this period, at stations 475, 482, 
488, and 492, at time intervals from sewer outfalls varying from two 
to 45 hours. The 24 maximum counts, one in each month, occurred, 
in different months, sometimes at one, sometimes at another of these 
stations, at time intervals ranging from 3.5 to 24 hours.”” The 
Se cians caus oLsis sresoo nisi val bola bab eterna 
curred twice at station 543; in July, 1915 (time 39 hours), 
he figures for these months are largely determined by a 
putable to multiplication of bacteria in transpor- 
No. 110. In general, the observations at station 


amples were collected less frequently and shipped 
atory. 


- © As actually recorded, the maximum count 0¢ 
‘and in September, 1915 (time 51 hours), but as t 
few excessively high counts, which may have been attri 
tation to the laboratory, they are omitted from Table 
543 are less reliable than those at other stations, because s 
in by express, subject to a delay of four to eight hours in reaching the labor 
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distributions, by time, of the 96 observations and of the 24 maximum 
counts, are shown in Table No. 111, from which it is seen that the 
maximum count occurred most frequently in time intervals from 
8 to 14 hours. 

TABLE No. 111.—Distribution of observations and of occurrence of maximum agar 


counts at stations 475, 482, 488, and 492, in time intervals from sewer outfalls of 
Cincinnati 


Frequency Frequency 


All obser- 
vations Occur- 
at sta- rence of 


All obser- 
vations | Occur- 
at sta- | rence of 


Time intervals from sewer 
outfalls 


Time intervals from sewer 
outfalls 























tions 475,| | maxi- tions 475,| maxi- 
482, 488, mum 482, 488, mum 
and 492 and 492 
Under 2 neure 3. We 0 0 tl AS 20 GTA. 218 on a 2 0 
2-4 hours: ..29i7¢teii eat 8 Weis20322 Wourst]ii2rh. j2f2e 0 0 
B-te DOUTS 2 ak oe 10 Dib Derek OUTS 5 2 1p oo eee 3 1 
6-S hots... fact ivieyvo4. S 7 1 
S~10 Dots -. 5. 52 is 8 Total under 24 hours__-_-! 74 24 
10-12hours 4654. L632. it 13 7 , 446 hours?.. OLA. 22 0 
13e1 SUNOS | ee ee ee 8 2 : 
14-16 hovrss. tft. Meee. 27 6 2 Nigtal “747. peo ee ise 96 24 
16515 Dots >. 333-8 4 0 





Referring to the above table, the maximum count occurred in 

time intervals of: 

Less than 8 hours, 4 times in 25 observations, or 1 in 6.25. 

From 8 to 12 hours, 15 times in 26 observations, or 1 in 1.7. 

From 12 to 16 hours, 4 times in 14 observations, or 1 in 3.5. 

From 16 to 24 hours, once in 9 observations. 

More than 24 hours, not at all in 22 observations. : 

This indicates that while the highest bacterial count occurs quite 

irregularly with respect to distance from the sewer outlets, it never- 
theless does tend, with some degree of consistency, to occur within 
rather definite limits of time from the sources of pollution. The 
inference which this suggests, that the sewage bacteria increase in 
numbers during the first few hours after their discharge into the 
river, seems at first thought to be most unlikely; but it may be noted 
that such an increase need not necessarily be attributed to actual 
multiplication of cells. It might be due merely to the disintegration 
of clumps of bacteria, which, when clumped, would give only one 
plate colony each and so would be counted as single cells. It is, 
indeed, quite probable that the actual numbers of living bacteria as 
found in fairly fresh sewage are quite considerably in excess of the 
numbers indicated by plate counts, due to such clumping of cells, and 
their inclusion in or adherence to solid particles. It need not be alto- © 
gether surprising, therefore, if the plate count does increase in a stream 
for some hours after sewage has been mixed with it; and a net increase 
is not entirely inconsistent with the view that the bacteria may be 


: | 
| 
BACTERIOLOGICAL STUDIES 273 


actually dying during this same period at a fairly rapid rate but not 
rapidly enough to counterbalance the increase in plate counts due to 
liberation of individual cells from clumps. 

_ But, while the above facts certainly suggest that the number of 
free and living bacterial cells originally added in the sewage tends 
for some hours to increase in the river, either by disintegration of 
‘clumps or by actual cell multiplication, this is not a necessary con- 
clusion, since there is at least a possibility, perhaps a reasonable proba- 
bility, that the apparent increase may be due wholly to sampling errors. 
- Sampling errors due to imperfect mixture of sewage in river below 
-Oincinnati.—It has already been explained (p. 94, Section IV) that 
-at each sampling station samples were taken from three points on a 
cross section, these points being so located that at ordinary river 
stages each would be in the center of one-third of the cross-sectional 





Fic. 31.—Diagrammatic illustration of location of three sampling points on a river section 


area. ‘To locate these points the cross section, after being plotted, 
- was first divided vertically into three equal areas; then each of these 
was again divided by a vertical line into two equal areas; and the 
sampling points located at mid depth on these three lines, as illus- 
trated in the accompanying diagram. The samples from these three 
points were examined separately, and their mean taken as represent- 
tion. 

jeanne Cincinnati metropolitan district comes into the 
river chiefly from the north, or Cincinnati side, comparatively little 
being discharged from the south, or Kentucky side; and it is Sey, 
ably carried downstream in a “thread” or “streak” which at os a; 
quite narrow, hugging the shore, but gradually extends suka e 
stream as the sewage becomes more thoroughly mixed wit hy fie 
water. The vertical mixture seems to be fairly uniform by the time 
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the river reaches station 475, even in pool stages of the river; for on 
a number of occasions samples taken near the surface, at mid depth, 
and near the bottom were compared as to bacteriological content 
-and showed no consistent differences. , 
The progress of lateral mixture may be followed roughly by com-— 
paring the observations at the three sampling points at each of the | | 
four sections represented by sampling stations 475, 482, 488, and 492. 
and, for the purpose of this comparison, the agar counts made in the | 
24 months, April to November, inclusive, for the years 1914, 1915, 
and 1916, have been compiled to show the mean count at each sam-— 
pling point on each of the four sections for the whole period of 24 — 
months. The mean at each of the three points on each cross section — 
has then been reduced to a percentage of the mean for the cross | 
section, as shown in Table No. 112, following: : 
Tasie No. 112.—Percentage which the agar count at each point on each of the iE 


sections, 475, 482, 488, and 492, ts of the mean for that section—Means for the 
period A pril-November, 1914, 19165, 1916 


Percentage of section | 
average 
Sampling station © 
North | Center| South 
point | point | point 


Siition 475. 223.4 Sake Se Se a ee ee ee eae ee eee 205 67 38 











Station 4826 232A < 2 ae cork aes ei ae i ee ! 172 84 44 
Station 498... 22.6 SA co ee oo tee a ee ee ice = i ee . 137 105 58 


Station 492. 2.3... UA. cea OL. eens Capers Se . -117 117 66 


From this summary it is seen that the mixture of sewage with the 
river is by no means uniform across the section at station 475, nor 
even at station 492; but that from station 475 to station 492 there. 
is an orderly, progressive tendency toward greater uniformity of the 
mixture. 

It is useless to attempt any quantitative analysis of the sampling 
errors which may result from the varying stages of mixture at these 
four sampling stations, for such analysis becomes possible only when 
the conditions are greatly simplified by assuming some definite, 
constant and relatively simple course of progressive diffusion across — 
the stream. Obviously no such simple conditions can be supposed 
actually to obtain in the Ohio River, since its course is tortuous, while 
the bottom contour is constantly changing. In consequence there 
must be numerous and complex currents in. all planes, doubtless 
varying with changes in river stage and velocity, so that the course 
of mixture between the river water and the sewage from Cincinnati 
must be quite complex and variable. lt may, however, be inferred, 
from the data shown in Table No, 112, that the progress of mixture 
is more or less regular, at least) to, the extent that the densities of 
bacteria at various points on a cross section decrease progressively 
from the proximal to the distal side; and even this general condition — 
warrants some inferences as to the direction, if not the magnitude, of 
sampling errors. : 
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To consider first the proximal third’ of the cross-sectional area, 
with the proximal sampling station located on its mid line; the — 
sample from this point correctly represents the area only when it 
shows a density of bacteria which is the mean of the varying densities 

at all points in the area; ‘but in a certain stage of the outward diffu- 
sion of sewage a sample from this point must necessarily show a 
density of bacteria less than the true mean for the area. For exam- 
ple, in the first stage, when the sewage is concentrated in a narrow 
band along the shore, the sample from the mid line can not be affected 
in any degree; and, as regards indicating the pollution from this 
source, an observation limited to this sample is necessarily in error 
by 100 per cent. Then, as the pollution is gradually diffused across 
this line, the density at the line gradually increases; but up to a 
certain point must still be less than a mean between that half of the 
area which is proximal and that half which is distal to the shore. 
The error in this stage must, therefore, always be in one direction, 
and must vary from 100 per cent to zero. : 

In the second, or central, area of the cross section the sampling 
error will likewise be 100 per cent until diffusion has touched the mid 

- line of this area, and will then diminish to zero; and similarly in the 
distal third of the cross section. Therefore, during this whole period, 
until diffusion has reached such a stage that the sample from the 
distal sampling point represents a true mean for that third of the area, 
the mean density for the entire cross-sectional area will be subject to 
an error of varying magnitude but always in the same direction, tend- 
ing to give a result less than the true mean. 

At a later stage in the diffusion in each third of the section, after the 
density at the mid line has reached'a true mean, it is perhaps possible 
that there may be a tendency to a compensating error in the other 
direction, due to the density at the mid line becoming temporarily 
greater than the true mean for the corresponding area. Such an 
error could occur; however; only in special cases, under conditions of 
mixture which would appear to be most improbable; ‘and at all events 
itis not a necessary occurrence; as are the errors of opposite direction in 
the earlier stages of mixture. It is only a possibility to be conceived. 

From this analysis it may then be concluded: zotes 
_ (1) That sampling errors at cross sections below Cincinnati before 
the sewage has become thoroughly distributed across the ei ae 
likely to be such that the Sata ael for a cross section will be 

n above the true value. a 
jena aa “rn errors will, in general, be more likely to oer ae ie 
greater magnitude atthe uppermost section (475), wher + the Wigs) 
is least uniform, than at the lower sections, where the mix ro is be ia 

(3) That a higher count observed at a downstream section is ¢ : 

tion than a lower count at any sec 
sequently a more reliable observa 


, 4 
tion above it. 
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It might also be expected that gross sampling errors at station 475 
would be more likely to occur in periods when the mixture there was 
less uniform than in periods when it was more uniform; and it is of 
interest to note, in this connection, that during the 13 months in- 
cluded in Table No. 110, in which an increase in bacterial count was 
observed between stations 475 and 492, the mixture at corresponding 
sections actually was less uniform than during the 11 months when 
the maximum count was observed at station 475. This is shown 
in Table No. 118, following. 


Taste No. 113.—Relation between location of maximum count and uniformity of 
mixture at stations below Cincinnati—Percentage which the agar count at each 
point on each of the four sections, 475, 482, 488, and 492, is of the mean for that 
section— Means for the period April to November, 1914, 1915, 1916 


Percentage of section average 


Mean for 13 months 
during which maxi- 
mum count was ob- 
served at station 482, 
488, or 492 


North | Center { South | North | Center| South 
point | point | point | point | point | point 


Mean for 11 months 

during which maxi- 

Sampling stations mum count was ob- 
served at station 475 


a | | | 


Station 47592 i005. Lt Ob ae eee a td 180 75 45 234 48 18 
Bistion 4S oo wks ee eee eee 147 96 57 201 69 30 
Station 4ss! . fecu Police TSS. Pa ee Serie UW 117 105 78 - 156 105 39 
Station 492225 oes Lg Sea ee ee 102 111 87 129 120 51 


Significance of inereasing counts below Cincinnati.cIn summary, 
two explanations for the frequent increase in bacterial counts ob- 
served between stations 475 and 492 have been considered, namely: 

(1) That there is a true increase in free cells, due either to actual 
cell multiplication or to more complete dispersion of cells originally 
clumped together. The evidence in favor of this is that the maximum 
count tends to occur within certain fairly definite limits of time below 
the sewer outlets, suggesting a primary phase of increase, definitely 
limited in time. 

(2) That there is no actual increase in the number of free cells, 
the apparent increase being attributable to large sampling errors at 
the upper stations, these errors being more considerable at high 
than at low river stages. The evidence in favor of this view is that 
the mixture of sewage with the river, which is by no means uniform 
at any section in this stretch, is less uniform at the upper than at 
the lower sections; and that this condition might readily result in 
systematic sampling errors. , 

The evidence is not sufficient to establish either explanation as a 
certain conclusion. Similar analysis of observations grouped pri- 
marily by gage heights instead of by months, as in Table No. 114, 
and of the gelatin counts and B. colt determinations in the latter 
table tends to confirm the facts already presented, but adds nothing 
to their explanation. The same may also be said of observations 
at stations 611 and 619, below Louisville, between which there is 
almost invariably an increase in bacterial counts. A study of results 
during the winter months, as given in Tables Nos. 110 and 114, 


Pe ae ie _* 
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likewise fails to add materially to the evidence, except perhaps to 
suggest that the phase of increase, if it exists, may extend over a 
longer period of time in the winter months. 

The question whether or not there is a true primary increase in 
the numbers of free sewage bacteria in the river must, therefore, be 
left unsettled so far as observations on the Ohio are concerned; and 
it is not apparent that it would be answered with any certainty 
even by much more elaborate studies of samples collected at more 
points on a cross section and from a larger number of sections. 
However, a study of the Illinois River, made by the Public Health 
Service in 1920 and 1921, gives some independent evidence of an 
increase in sewage bacteria in this river below the Chicago Drainage 
Canal under circumstances where sampling errors similar to those 
suspected in the Ohio are not competent to explain the phenomenon, 
and this should perhaps have some weight in the interpretation of 
the data from the Ohio River. We are, therefore, inclined to believe 
that the increase so frequently observed in the Ohio River below 
Cincinnati and Louisville is not wholly due to sampling errors, 
though recognizing that this is merely an inclination of opinion, 
influenced by a good many items of indirect evidence and _neces- 
sarily subject to revision. 

Alternative origins from which to reckon time in the study of natural 
purification.—The uncertainty as to the true significance of the tend- 
ency of bacterial counts to increase within the first 10 to 20 miles 
below Cincinnati results in some uncertainty as to the proper methods 
to be followed in studying the bacterial death rates in the river. 

If it could be accepted as certain that the increased counts below 
station 475 are due wholly to sampling errors at the stations above, 
then the proper origin from which to measure the rate and extent of 
natural purification would be the observed maximum count, whether 
it occurred at station 475, 482, 488, or 492, since on this hypothesis 
any lesser bacterial counts upstream from the maximum would be 
considered as due to errors of observation. On the other hand, if the 
increased counts below station 475 be considered the result of a real 
multiplication of cells or disimtegration of clumps of sewage bacteria 
in the river, this primary phase of increase should be taken into 
account in a study of the changes taking place in the bacterial content 


of theriver. In order to do this it is necessary that time be reckoned 


not from the observed maximum count, nor from the uppermost 
sampling station, but from the point where the sewage is discharged | 
into the river, which, in this study, can only be approximated by 
assuming a certain point on the river as the center of sewer outfalls. 
It is believed that the former and simpler method, of disregarding all 
observations upstream from the highest count, is the more satisfactory, 
and answers all essential requirements; but before taking it up the data 
will be presented first from the other viewpoint, relating all the obser- 
vations to the times elapsing from an origin at the sewer outfalls. 
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NATURAL PURIFICATION BETWEEN CINCINNATI AND LOUISVILLE IN 
RELATION TO TIME OF FLOW FROM THE SEWER OUTFALLS OF 
THE CINCINNATI METROPOLITAN DISTRICT 


In order to relate the changes in the bacterial content of the river 
to the time which has elapsed from the sewer outfalls it is necessary 
that the observations, which have heretofore been summarized by 
sampling stations, be regrouped according to time intervals from the 
sewer outfalls; for, due to changes in the discharge and velocity of the 
river, the observations made at the upper stations during the periods 
of low velocity correspond, in point of time elapsed from the sewer 
outlets, to observations made at lower stations in periods of higher 
velocity. For example, as shown in Table No. 110, the time of flow 
from the sewer outfalls to station 492 in November, 1914, was 44.6 
hours, while in April, 1916, the time elapsing between this origin 
and station 598 was approximately the same, 44.8 hours. Similarly, 
the observations at each station overlap those of one or more lower 
stations with respect to time; and the aggregate of observations in 
any except the extreme time intervals may comprise results at, two 
or more stations at different river stages. 

Primary grouping of data by river stages.—As tne time of flow be- 
tween successive stations is governed by the river stage, which may 
vary considerably from day to day within any giyen month, the 
monthly mean time of flow—that is, the time corresponding to the 
mean of daily river stages—may differ widely from the extreme or 
even from the most frequent times during that month. For example, 
during the month of October, 1914, with a mean gage height of 3.7 
feet, the daily readings varied from 1.3 to 10.1 feet, corresponding to 
time intervals of about 4.5 and 23 hours, respectively, from sewer out- 
falls to station 475. 

It is preferable, therefore, for a stuay of purification as related to 
time, to group the daily bacteriological observations, not according 
to months or weeks, but according to gage heights on the actual 
dates of observation; and all counts made during the entire period of 
three years are shown in Table No. 114, rearranged on this basis. 
This grouping throws together observations made in different months 
and years, but under similar conditions of stream flow; and the mean 
gage height for all the days included in each group varies but little 
_ from the extremes. The seasonal grouping is the same as in Table 
No. 110, the data being grouped separately for a summer period, 
comprising the months April to November, inclusive, and a winter 
period, comprising the months December to March.”! 














21 Observations for the periods December 1 to 13, 1914, and December 1 to 11, 1916, as grouped in these 
tables, are included in the April-November seasonal period, since the physical and biological conditions 
during the first part of December in these two years corresponded more closely to those obtained in the 
autumn than in the winter period. In these two years the seasonal change in the river was quite sudden 
and definite. 
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Methods of averaging observations in similar time intervals.—When 
the counts in this table are arrayed according to time intervals 
from the origin, observations at the upper stations at low river stages, 
with small dilution of the sewage and correspondingly high bacterial 
counts, are brought together with observations at the lower stations 
at high river stages, with greater dilution and correspondingly low 
counts. For instance, within. the time range from 20 to 25 hours 
are included observations as follows: 


() . 2) oe @ | ©. 

















" Bacteria 

FT aA age : per cubic| Quantity 
Station height Discharge centi- ' units 

meter 

Cae OR a RE | OR Hh hE et) bY 1.3 | 8,600 second-feet________- 295, 000 | 2, 538, 000 
SL RN ORS anne, ae <a te PEAS iat rea tee eee 4.4 | 17,000 second-feet_______- 104, 000 | 2, 590, 000 
CAC eae Wp ae. gc EMESIS oi Ei Be SR PAS 6. 5 | 26,000 second feet_____-_-_- 73, 300 | 1, 907, 000 
Sp MEER eae WER Ry oop, ere he. SE PR Se Re ee 6.5 | 26,000 second-feet____.-_- 45, 500 | 1, 182, G00 
BOD i MSE os Te a) ee Se ee eee 7.5 | 31,600 second-feet_______- 57, 200 | 1, 807, 000 





TIRE °F PIE LO gl AME IRS. SER REAT AN 36. 3 | 288,300 second-feet..-...- 2,770. | ” 798, 000 
Mian o. 23 #2 208 96, 300 | 1, 637, 000 


The mean of the numbers of bacteria per cubic centimeter as cal- 
culated from the figures given in column (4) has no clear significance, 
because the counts are determined.in part by the time which has 
elapsed, in part by the dilution, which in this instance varies from 
8,600 to 288,000 second-feet. 

The observations may, however, bereduced to a comparable basis by 
converting the data into terms of ‘‘ quantity units,’’ multiplying each 
count by the corresponding discharge. This eliminates differences 
due to varying dilution; and, as counts under otherwise comparable 
conditions are in a general way inversely proportional to discharge, 
the values to be averaged fall within a much narrower range of dis- 
persion, as illustrated by the figures in column (5) of the above ¢ example, 

This would be a satisfactory method for treating the data for the 
seasonal period from April to November, for it brings corresponding 
values to comparable magnitudes; but as applied to the winter ob- 
servations it hasthe opposite effect. Thus, referring to Table No. 114, 
it will be noted that the counts immediately below Cincinnati do not 
tend, in the winter months, to be inversely proportional to the dis- 
charge, but rather to be of the same order or even to increase > with 
increasing discharge. 

An alternative treatment, which is equally applicable to the sum- 
mer and the winter data, is to take the maximum count observed in 
each series of observations at each river stage as a base (=100) and 
to reduce the other observations in that series to percentages of that 
base, as in Table No. 115. Then, in regrouping according to time 
intervals, these percentages or index numbers are averaged. This 
gives equal weight to all observations and takes account only of 
variations with respect to the maximum which is the variation that 
it is desired to measure. All things considered, this seems to be the 
method best adapted for this analysis. 
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Extent and rates of decrease 1n summer months—Table No. 116, 
showing the data pertaining to agar counts from Table No. 115 
regrouped according to time intervals from sewer outfalls, will serve 
to illustrate the method of assembling the data and to give an idea 
of their consistency. It will be noted that the percentages of the 
maximum which fall into any one time interval, especially in the 
shorter times in the first portion of the table, vary quite widely, but 
that, when averaged, they show a quite definite trend, first increas- 
ing somewhat irregularly to a maximum in the time interval 15-20 
hours, then decreasing quite regularly in each successive time interval 
thereafter. Since the maxima (100 per cent) of the several series, 
corresponding to different gage heights, fall into different time 
intervals, along with other observations ranging as low as 50 per 
cent or less, the highest mean for any time interval is 93.06 per cent 
in the time interval 15-20 hours. 


Taste No. 116.—Data from Table No. 115 regrouped according to times of flow 
from sewer outfalls, agar counts, summer months 














G Ti f Sapir, zs * f Bacteria, 
: : yage me 0 er cen ; : age ime of | per cent 
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yy a mum 
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ib ae os he 9.5 4.7 Ga 98 fl Bee oer oe * 09 
ne 10.8 4.2 OB eo trebenaneet mae matic a re abe eae 
475... --4.- sd 2g. 12.8 3.7 98.11 ll gaps san me 28 aa ae 
O75 Boo tee ees 14.8 3.4 oo ae ee ree a's inf of 
475-2: -- 2, sdade4- 17.1 3.0 6k 4 |e SSSR o8 ‘09 ol 
STO ee on 4-2 ater 18. 9 2.8 wei. ios ee ie 
475. 19... Ho asgpet 22. 1 2. 6 QZ 00 Hl gag - 77 128 ihe a 
475 :..4.--4-2 Bost 26. 9 2.3 Sip 52 eae See * Bees 7 ae a 
475... - =< Hie 36. 3 2.0 Th 9 aha Sa Sas 12's 1a ine 
475: ......+-- 285%—- 43. 5 1.9 92:96 | sear ore Soe 14.8 TH ona 
lal oe MA AE SIRS Le" cemacaceaad  CiS Fst ome 
ear Te ae , BR... 2 cae «8 18.9 10.2 58. 83 
Means. ..--.- 24. 9 3.2 86. 94 Means. -...° 10. 6 11.9 90. 22 


—— Cr  -.;._ OOO 


TIME 5-10 HOURS 


13.7] 100.00 
11.6] — 100. 
TIME 15-20 HOURS 





Aiaee ; Se. Se oe 5.3 19.8 100. 00 
ick hs SOO Le Na-c| pret eccieae et) ise] 1a 
pie 5.3 8. 4 76. 48° |) 488-.-----25-55.2.-- : : 
ax ee 6.5} 6. 5 VETS 1 thea eres 8.5 16. 6 100. 00 
{cee SP 
7.5 5.6 8. 73 || 48822 --02.-25----5 9.5 15. 0 100. 00 
ESD SS. te is bas 5 ner 
8.5 5.4 0.00 | Oly. 2. -- 2 8.5 19. 2 72.11 
rN i ele | Sia Pope t SG, gh 
10.8 9.7 61, 61 |} £93..-..---..7----.- 9.5 17. 4 89. 87 
MOE Bo ko Ais eae es \ 
Te EERE wen wy ey 12. 8 8.3 66,18 |} 492. ..-.-------—--- 10.8 15. 7 100. 00 
A ce Se 14.8 7.8 6212 |] 980. .4.<.. ence 43. 5 18.9 77.13 
BD Sr’, a foe bn 17.1 6. 6 52. 48 Ween. Lust 12.1 17.4 93. 06 
ARS st See eae 18.9 6.1 69. 02 
SRD Soo Sl. ee 22, 1 5. 6 90. 88 TIMK 20-30 HOURS 
PP eee eS 26. 9 5.1 eee meni Se he ae ewes eres es 
ORR oe oa eae Lag! 9.3 BS 07 Ate oe ee ee 14 23. 1 100. 00 
ee oe eee ae 18. 9 8.6 65.36.08 dae a eS 3.4 29.3 18. 14 
Ginn hae 22. 1 TOh YOR OT gee ont Rare a4|° 249] 002 
MOR Se 8, 1 35 eee 26. 9 7.2 Ch.78 Meee i ee 5.3 25. 8 59. 86 
488. _---.-...-.----. 36.3 6.2 SL 90-1 qi. od cba nae 6.5 21. 0 55.47 
BD og ook a thas ae 43. 5 5.2 $2.90 0 468. 40 ONT. oe 5.3 29. 0 40. 63 
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OS. ahs sdase 26. 9 8. 6 OSS T gogo 2 ee 7.5 21. 2 77.64 
DID ia tein esihe + = Ge wip 36. 3 7.5 WADA eee oe eee t 22.1 29. 4 63.99 
Ur oe oe a ae ve 43. 5 6.4 100. O01 pate: oa 26. 9 26. 6 100.00 
6499 oe ee 36. 3 22. 6 52, 1i@ 
Means - ..--- a1.2 7.2 73. 55 Nicaps.....2 11.4 25. 2 62.02 
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TABLE No. 116.—Data from Table No. 115 regrouped according to times of flow 
from sewer outfalls, agar counts, summer months—Continued 
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Sampling station | 9ags, | Tyneof] Beteent || Samptingstation | Gage, | Time ot | percent 























mum mum 
a Be ae Us po SR 
TIME 30-40 HOURS ~ TIME 75-100 HOURS 
RICE wae eile) Sagres BPN oe 
ete oa 2.5 35. 4 Ce Se ee ee eae | 5.3 91.7 8. 44 
oy a 3.4 36. 5 IS Pe ee 6.5 77.3 4.71 
OU le AR 4.4 31, 4 65.08 -||'508.__.- cause 12.8 88. 2 9. 608 
Ble bend orto. 4.4 34. 8 $3008 1 }-aae Ne ea 14.8 76.5 12. 342 
sy Re ES 14.8 38.2] 20.65 et ra ed wha 
Wiles ag oS ty. Sut - an | 34.5 50. 87 Means. ______ 9.8 83.4 8. 775 
BGm fen. lop. os - 18.9 32.2]; 71,08 . 
BOG ssc] 4k5| Be] 6s aa8 TIM 100-125 HOURS 
Means-.__._: 16. 1 35. 3 45.048 || 643.07 . 3 gh 3.4 122.2 1. 08 
SOR oat eh. cak 4.4 105. 7 6.18 
5482. JB eit 2h 9.5 118.1 3.251 
TIME 40-50 HOURS 643 3.54008 tan nnt 10. 8 104. 4 3. 302 
Means. -___-_ 7.0 112.6 3. 453 
seen A SR 2.5 43.5 19. 09 
2 2.5 47.6 16. 90 TIME 125-150 HOURS 
VES ha 3.4 40. 2 15. 76 
a a 128; 424| 65.08, || 943----------------. 25] 148] 0.36 
ae. , BOS ost SEES aed age y 1. 589 
598 ee 26. 9 46. 2 46. 991 $98 Res to Gels (a 8. 5 130. 2 1, 229 
Mears’ -___.- 9.8 44.8 27. 884 ||- Means_______ 6.1 139. 9 1. 059 
TIME 150-200 HOURS 
‘TIME 50-75 HOURS 
ee Ee ene eee 1.3 194.7 0. 54. 
1 idl bg PS 5.3 191. 6 622 
Op Seateay la 1.3 51.8 12:48» 608 6000.24 cock bss : 6.5 162. 4 "726 
of tfeeteptieieiae 1.3 62. 0 9. 55 Means.....-- 4.3| 182.9 | . 629 
ON ea Te 1.3 66. 6 2 30 
——— 7.5 68. 
on SSS a ce 61.5], 15.88 TIMES OVER 200 HOURS 
if 9.5 55. ——_ 
~) Se 17. 1 66. 1 12. 65): 1} G08. os¢2955 vd cp 4.4 219. 2 0. 541 
Ll ela 18. 9 59. 9 15. 954 698 waa agg he 3 4 258. 2 192 
DB. -snadses-oreste+ Bro Rr Pst Sep Be eG Bigeye te 
Means --_---- 9:7 60. 5 17. 507 Meang._.... 2.9 322. 5 .214 





The means corresponding to each time interval as shown in this. 
table are summarized in Table No. 117, together with mean values 
for the gelatin counts and B. coli determinations similarly derived 
from’ Table No. 115. In column (7) of this table the highest value 
shown in column (4) (93.06 per cent) is taken as a base= 100 per 
cent, and the remaining values expressed as percentages of this maxi- 
mum. The data for gelatin counts and B. colt are given in columns 
(8) and (9), transferred to a similar basis. 
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- TasuE No. 117.—Percentages which the bacteria remaining at stated times below 

the sewer outfalls of the Cincinnati Hipea ht ith district are of the numbers ob- 
served in the zone of maximum pollution below that district, April to November, 
inclusive, 1914, 1915, 1916 





Mean Means of percentages of Reduced to basis of 100 per 


Mean time maxima cent at maximum 
Time range gage PFO] 
height sewer . 
outlets Agar Gelatin | B. coli Agar Gelatin | B. coli 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Feet Hours : 
Under 5.0 hours_____- 24.9 3:2 86. 94 82. 90 68. 12 93. 52 91. 79 82. 36 
Sa) Towrsif so. o re 21.2 Le 73. 55 72. 54 69. 89 79. 04 80. 32 84.50 
10-15 hours_.=.1.--..- 10. 6 11.9 90. 22 90. 19 82. 71 96. 95 99. 87 100. 00 — 
15-20 hours......_---- 124 17.4 93. 06 90. 31 75. 95 100. 00 100. 00 91, 83 — 
20-30 hours___------- 11,4 25. 2 62. 02 73. 22 55. 79 66. 65 81. 08 67.45 — 
30-40 hours___.-.-.--- 16. 1 35.3 45. 65 69. 91 30. 46 49. 05 77. 41 36. 83 — 
40-50 hours.____-._---- 9. 8 44.8 27. 88 49. 08 31. 16 29, 96 54. 35 37. 67 
50-75 hours....--.---- 9.7 60. 5 17. 51 27. 05 S57 18. 82 * 29. 95 16.41 
75-100 hours__-....-.- 9.8 83. 4 8. 78 12. 34 9. 09 9. 43 13. 66 10. 99 
100-125 hours_______-_- 7.0 112. 6 3.45 4.35 4. 48 3.71 4. 82 5. 42 
125-150 hours........- 6.1 139. 9 1. 06 1. 44 1. 021 1,14 1. 59 LZ 
‘150-200 hours_.__.-__- 4.3 182. 9 . 63 1,01 .314 . 68 i . 380 
200 hours and over__- 4.4 219. 2 . 54 . 86 - 101 . 58 95 7123 
3. 4 258. 2 . 192 . 34 . 144 pial . 38 . 174 
2, 5 314. 8 . 065 . 094 . 145 . 070 . 104 > 15 
13 497, 7 . 059 . 090 . 054 . 063 . 100 . 065 


The trend and consistency of the observations when thus grouped 
are better shown in Figure No. 32, representing the agar counts, in 
which the percentages of the maximum count are plotted as ordinates 
against corresponding times of flow from the sewer outlets as ab- 
scissae.”2 As described by these curves,”* the bacterial count increases 
from the sewer outlets to a maximum which is not at all definitely 
located by the observations, but falls apparently at an interval of 
about 12.5 hours from the sewer outlets. From this point the count 
decreases rapidly and quite regularly throughout the remainder of 
the range of observations, so that, as shown in the table, the bacteria 
remaining after 183 hours are less than 1 per cent of the maximum; 
-and after 315 hours are less than one-tenth of 1 per cent. 

It will be seen from the figure that the two curves, which have 
been drawn through the points indicated by the data of Table No. 
117, are more clearly defined in some portions than in others. Thus, 
from the origin to the crest of the curves, the observations are quite 
scattered and irregular, so that as to this portion of the curves there 
is no certainty, except that the general tendency is upwards, 

22 Graphic representations of the data relating to gelatin counts and B. coli are not reproduced here, as 
it is obvious from the data given in Table No. 117 that the curves would be similar to those showing the 
agar counts. Curves fitted to the data by simple inspection compare with those shown for the agar 
counts as follows: The maximum is reached in about 15 hours in the gelatin count, in 10 hours in the 
B. coli. Inthe gelatin count the rate of decrease from the maximum appears somewhat less rapid than — 
in the agar count, while the rate of decrease in B. coli appears more rapid. 


23 The two curves shown correspond to two separate fittings of the data. (See Tables Nos. 118 and 119 
and explanatory text.) 
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toward a maximum, the position of which can only be approximated. 
The descending limb of the curves, from the crest, or still better 
from about 25 hours to about 140 hours, is quite well defined. At 
times beyond about 140 hours the points lie so close to the base 


line that their deviations from the curve can not be well indicated” 


graphically except by increasing the vertical scale in this portion 


of the curve or by using logarithmic ordinates. Either of these 
methods will suffice to show that up to about 300 hours the points — 


are fairly well aligned on the curves. 
Formulation of curves.—In order to define the curves somewhat 


more precisely than may be done by simple graphic methods alone, - 


several attempts have been made, in the case of the agar count data, 
to fit the observations, by the method of least squares, to a definitely 
formulated curve. The type of curve to which the observations 
appear to conform, most closely is one of the general formula: 
b * 
¥" 1+ (ce + de 

Two curves of this type have been developed, one of which 

(curve A, fig. No. 32) fits the data quite satisfactorily at times 


beyond 100 hours, but not at shorter times; while the other (curve | 
B, fig. No. 32) fits them fairly well at times less than 100 hours, | 


but not at the longer times. The constants of these curves are given 


in Table No. 118, and their ordinates at regular time intervals are 


shown in Table No. 119. 


TaBLE No. 118.—Constants of curves shown in Figure 32 














Formula: 
We b 
1 + (cx + d)10% 
y = bacteria (percentage of maximum). 
z= time of flow from sewer outfalls, hours. 
Constants 
(a) (b) (ce) (d) 

A. Curve of better fit for times over 100 hours___.....-....---- 0. 003435 0. 2094 | 0.003284 | —0.9970 | 
B. Curve of better fit for times under 100 hours_._-__.______--- —. 007116 1.0849 |—. 007558 —. 9865 


* We areindebted to Dr. Lowell J. Reed, of the department of biometry and vital statistics of the Johns — 


Hopkins University School of Hygiene and Public Health, for the suggestion of this type of curve and for 
assistance in fitting the data to it. 
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Taste No. 119.—Ordinates of curves A and B, Figure No, 32, computed from 
formulz of Table No. 11 8, agar counts, April to November 


[Curve A=curve of better fit for times greater than 100 hours. Curve B=curve of better fit for times 
less than 100 hours] 


a OE et OI ES 














Per cent of maxi- Per cent of maxi- 

; mum numbers of mum numbers of 
Time of flow from sewer out- bacteria (y) Time of flow from sewer out- bacteria (y) 
: falls (x) falls (x) 

Curve A | Curve B Curve A | Curve B 

Ce 70. 36 50,36 lirl7Sshours. 2. 0. 912 3. 23 
felons ee NET RS 86. 14 94:47° 1200 hours si . 647 23 
LOU LMS ~ ean RS sealing 96. 77 99, 57. J) -225houtes s* ee sree . 475 2. 37 
Pmours ses fo SNAG ist! 99. 90 95. 04-4)? 250 Hours 22 et es . 358 2.11 
POS eee 86. 07 LRGs al Spy eel o01F ty ae DO ee Map ie . 276 1.91 
30. hours - -__ 2 ee ee ey 52. 34 53. 9F 11°300 hoursij3.4 ft IES OM :21F 1. 76 
SI Sice = ee a 30. 74 135.81 11:325 hours! 4g . 172 1. 64 
Drhourss eee Ah CA 18. 88 24.62 | 350-hours 3.4 26 its, OTe . 139 1, 55 
Joo TS rr 12.40 TT 9G 9875 hourse ce} lel cee .113 - 1.48 
TOMOUTS2 9 a abhi 8.61 13: 73' 47 400 hours 2. 275i Tab i os . 093 1.41 
Se SoS a aa 6. 27 10,90. ]|-425 bourg. eee nab 78 SS laa ae 
OP Hours. et Ae aS ke 4.72 8:93 || 450hours 4 _ 6 © 2973 Fe ¥0G4 LEE Sis 
Grae eee ey 3. 66 1.40475 houte- eo) See on es POAS | tee ee 
Qeoours: oo So t4ent 22h 8 2.42 6..26711°600 Hours 22218 fe 2). Bie F045: 12 AEG 
0S Tylon eee ee 1, 35 4.00 








NoTe.—Maximum point for both curves located at 12.5 hours below sewer outlets. 


As is shown later, curves of much simpler type may be fitted more 
satisfactorily to the descending limb of the curve, and as it is this 
portion of the curve which is of most definite significance and impor- 
tance, it has not seemed worth while to continue the attempt to fit 
the data to these much more complex “crested” curves, nor to extend 
the trials to the gelatin count and B. coli data for the summer period, 
April to November. . 

Extent and rates of decrease in winter months.—So far the discussion 
has referred solely to the observations made during the months from 
April to November, inclusive. The observations during the winter 
months, December to March, inclusive, are much less regular and of 
somewhat different trend. 
a Referring to Table 114, it will be noted first, that, whereas during 
the summer months the bacterial counts at the upper stations 
decrease very regularly as the discharge increases, there is no such 
tendency during the winter months, the bacterial counts remaining 
nearly constant or actually increasing while the discharge increases 
more than tenfold. This reversal during the winter months of the 
relation between discharge and concentration of bacteria below 
Cincinnati may be accounted for by two facts which have already 

01 out, namely: 
Ree ey bee of bacteria added in the sewage of tas 
metropolitan district is much less ee one-tenth) in winter than 
i Table No. 103, page . ces 
a 0) ' The neues count in the river as it Teaches ig 
(station 461) is much higher in winter and during periods ‘3 ig 
discharge than in summer and in periods of low discharge. TRE 
ntly, the bacteria added in the sewage of the Cincinnati distric 
lpaiet i only a small proportion of those found below the city 
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during the winter months, a proportion which decreases rapidly as 
discharge increases. | 

There is, then, this important difference between summer and 
winter conditions: In summer, even at relatively high river 
stages, the bacteria found in the river immediately below Cin- 
cinnati are chiefly those recently added in the sewage from that dis- 
trict, and their concentration is inversely proportional to the discharge 
of the river. In winter these freshly added sewage bacteria consti- 
tute only a small proportion of the total, the greater portion being 
made up of bacteria brought down the river from above. It need 
not be surprising, then, that the winter flora reacts quite differently 
from the summer flora, since it is of different origin and history. 

It may be seen, further, from Table No. 114, that at gage heights 
less than 25 feet there is always a net decrease in the bacterial count 
between stations 475 and 598, but that at gage heights over 25 
feet the tendency, with some exceptions in the case of B. coli, is in 
the opposite direction, the counts being higher at station 598 than 
at station 475. That is to say, when the river is at high stages, such 
that the time interval from sewer outlets to station 598 is less than 
50 hours, there is no net “purification” within the entire stretch in 
winter.”4 

Even at gage heights under 25 feet, the sequence of observations 
at sucessive stations is very irregular. The highest count is usually 
at station 475. This is followed by considerably reduced counts at 
station 482 and usually also at station 488, with higher counts again 
at station 492,> after which there is a fairly consistent decline at 
stations 543 and 598. No adequate explanation can be offered for 
this ‘‘dipping” of the counts between stations 475 and 492. It is 
difficult to believe that the bacteria present at station 475 have 
already decreased by 50 per cent or more in the short interval be- 
tween that section and the next station, No. 482, and then have 
materially increased again before reaching station 492. The fluc- 
tuations are, however, too great and too regular to be accounted for 
by ordinary random errors of sampling; and a study of results at 
individual sampling points on these sections gives no clue to irregu- 
larities of mixture which would account for the observations. 

All that may be said, then, of the observations between stations 
475 and 492 is that they are so erratic as to be quite unintelligible 
and subject to the suspicion of some gross error. If these stations (482 
and 488) are disregarded, then, at river stages less than 25 feet, there 
is, at the other four sampling stations, a consistent decrease between 
stations 475 and 598, which is in general progressive, each sampling 
station showing usually a lower count than the station next above. 
Even this general tendency does not hold, however, as regards the ob- 

24 At corresponding gage heights n the summer months there is always some, usually a considerable 


decrease in counts between stations 475 and 598. 
25 The increase in counts at station 492 is more than can be accounted for by the inflow of the Miami. 


z 
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servations at high river stages, when the time from Cincinnati to 

station 598 is less than 50 hours. 

__ If all the observations during the winter months are grouped and 
treated in the same manner as the observations during the summer 

months, the results are as shown in Table No. 120 and Figures 33, 

: 34 and 35. 

. TaBLe No. 120.— Percentages which the bacteria remaining at stated times below 

sewer outfalls of the Cincinnati metropolitan district are of the numbers observed 

E 


in the zone of maximum pollution below that district— Winter months, December 
to March, inclusive, 1914, 1915, 1916 


. ee 2) |. eee 








. Mean Per cent of maximum count 
. EE RRR ERECT dE ERY Ghana ee 
‘ Number| “> can ae Red i 
Time range l a: f educed to basis of 100 
8 of items heicht pias As found per cent at maximum 
outlets * BS Ae EY MY Saas am ae darrro eae | 
Agar | Gelatin] B. coli} Agar | Gelatin] B. coli 
Feet Hours 
Under 5.0 hours__.___- 14 25. 8 3.1) 82.51] 84.86] 85.06] 95.92 | 100.00 100. 00 
s-p—-10 hours... 222-2... 19 25. 7 73} 65.14] 72.22] 57.06] 75.73] 85.10 67. 09 
30-15 higpirs. 8 13. 8 11.6 | 50.30} 66.40] 52.63] 5847] 78.25] 61.87 
15-20 hours: 1. 4 18. 0 17.6 | 74.30} 81.46] 55.48] 86.381 95.991 65.22 
20-30 hours _ 2: ________ 4 29. 8 25.6 | 86.02] 83.44] 72.10] 100.00] 98 33 84. 76 
30-40 hours _-s____.____ 5 26. 6 35.9} 60.88] 77.29] 36.32] 70.77] 91.08| 42 70 
40-50 hours ---________- ~ 20. 8 44.5] 65.78 | 70.92] 24.80] 76.47] 83.57 29, 16 
60-75 hours-._....._._- 4 16.7 60.8 | 55.30{ 61.58] 17.95] 64.29] 72.57 21. 10 
75-100 hours.2________- 4 13.9 82.0) 35.95] 33.02] 10.21] 41.79] 38. 91 12. 00 
100 hours and over____- 1 11.0 107.5 | 19.40] 30.03 1.83 | 22.55] 35.39 2.15 
1 8.1 135.9 | 18.40} 29, 96 3.59 | 21.39] 35.31 4, 22 


eS IRLIRES EGR 5 SRineeea Mee i lie loner eee Mee tell Weirdatincs  w ete I 
The ordinates, at regular time-intervals, of the curves shown in 
Figures 33, 34, and 35, are shown in Table No. 121, following. In 
the case of the agar counts the ordinates given are computed from 
the formula of a curve fitted to the observations. In the cases of the 
gelatin count and B. coli, the curves shown are drawn simply by 
ispection, and the ordinates, taken graphically from these curves, 
‘serve merely to identify them and represent only a graphical smooth- 
‘ing and extension of the data given in Table No. 120. 
Tasie No. 121.—Ordinates of curves shown in Figures 83, 34, and 35, showing 


percentages of maximum bacterial count (y) in relation to time of flow from sewer 
outfalls(x)— Winter months, December to March, inclusive, 1914, 1915, 1916 















a Per cent of maximum Per cent of maximum 
_ Time from sewer numbers of bacteria (y) Time from sewer numbers of bacteria (y) 
ie outlets (x) . iS Lee BER See pers) outlets (x) : 
4 Gelatin Agar B. coli Gelatin Agar B. coli 
a eee ee ee ee ee ee eee i eens ee ee, SE Eee 
0 hours ok 89. 5 85. 5 97.9 || 125 hours......--... 30. 2 21.4 5.2 
Bours > 1a 96.7 92. 1 99. 9 |] 150 hours_......---- 25. 4 15.8 3.3 
“1hours.____--____- 98. 9 96. 1 95. 2 || 175 hours__...--...- 22. 2 12.2 2.4 
“5hours._.....____. 8 99. 1 87. 0 || 200 hours..-..--._-- 20. 3 9.8 20 
20hours.________- 100. 0 100. 1 76. 0 |] 225 hours__.+......-- 19. 1 8.1 1,7 
B30 hours - J SERRE 97. 2 96. 5 52. 1 || 250 hours.__.....--- 18, 1 6.9 15 
“40hours.___________ 89. 6 86. 8 36, 3 || 275 hours....--.--..- 17.3 6. 0 1.3 
5Ohours......._____ 79.8 74,3 27. 0 || 300 hours_........-- 16. 8 5.2 1.3 
ities 0 62. 1 20.5 || 325 hours._.....---- 16.3 4,7 13 
aa 57. 5 51.9 15. : ae et. es a =3 ae 
Sa ‘ 43. 2 12 Cars spl | ‘ ; . 
me ee Ses fete 0 | 400 hours. 222 3 ine| ae me 
200 hours... 38. 3 30. 8 8.4 , 
Norr.—Ordinates for the curve relating to agar counts computed from for- 
mula of fitted curve 1.28277 


Y~T—(0.00347z+0.9850) 10~-0z 


Ordinates for gelatin count and B. coli curves determined graphically from curves 
fitted to observations simply by inspection and extrapolated. 
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Interpreted literally, these figures would indicate that during the 
winter months the bacterial count in the Ohio River below Cincin- 
nati tends, as in the summer months, to increase to a maximum, 
which is quite indefinite, but appears to occur, in the gelatin and agar 
counts, at about 20 hours below the sewer outlets, and in the B. coli 
at about 10 hours. From this point the tendency is toward a decrease, 
following roughly the paths indicated by the curves. 

It is not considered, however, that such a literal interpretation is 
warranted, for, in the first place, that portion of the curves within 
about 40 hours is not in any sense definitely fixed by the observations 
and is largely hypothetical. Moreover, the data for the winter 
months, as given in Table No. 114, when examined in detail, do not 
show a consistent tendency to follow the courses indicated by these 
curves, except in one respect, namely, a fairly consistent decrease 
in counts after intervals exceeding 50 hours. 


SUMMARY 


Summarizing the changes in the bacterial content of the Ohio 
River from Cincinnati to Louisville, in relation to time of flow from 
the sewer outfalls of. Cincinnati: 

(1) During the seasonal period from April to November the num- 
ber of bacteria, as indicated by agar and gelatin plate counts and by 
B. coli determinations, tends first to increase to a maximum which 
occurs at about 10 hours below the sewer outlets for the B. coli 
group, about 12.5 hours for the agar count, and about 15 hours for 
the gelatin count. 

(2) Since this apparent increase may possibly be due entirely ‘to 
sampling errors at the upper sampling stations, no definite biological 
significance can be attached to it. 

(3) Beyond this observed maximum—that is, at times exceeding 10 
to 15 hours from the sewer outfalls—the numbers of bacteria decrease 
regularly and rapidly, the rate of decrease being highest in the 
B. cola group, next in the agar count group, and least in the gelatin 
count group. . 

(4) Attempts to fit the observations to definitely formulated 
curves of the type: 


b 
ars (cx +d)e* 


have not been altogether successful; and, though it seems probable 
that better fits could be obtained, the attempt has not been pursued, 
because of the complexity of the formulae and because there is 
doubt as to whether the “crested” shape of the curve represents a 
biological phenomenon or merely a sampling error. 


« 
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(5) The rates of decrease beyond the maximum are reasonably 
well defined in an empirical way by inspection curves fitted to the 
data up to the limit of the observations (about 500 hours). 

(6) During the winter months the observations at times less than 
50 hours from the sewer outlets are so irregular that their significance 
is altogether uncertain, but the few observations made at longer 
time intervals show a definite and orderly decrease in agar count, 
gelatin count and B. cola groups, similar to that observed in the 
summer months but at less rapid rates. 

(7) In winter, as in summer, the rate of decrease is highest in the 
B. cola group, batt highest in the agar count, and least in the gelatin 
count group. : 


BACTERIAL DECREASE BETWEEN CINCINNATI AND LOUISVILLE IN 
RELATION TO TIME OF FLOW FROM THE ZONE OF OBSERVED MAXI- 
MUM COUNTS 


The foregoing discussion of curves representing the changes in 
bacterial content of the river in relation to time of flow from an ori- 
gin taken at the zone in which the sewage enters the river, leads 
finally to the conclusion that the only portion of these curves which 
is definitely significant is the descending limb, representing the rate 
of decrease after a maximum count has been reached. The further 
study will therefore be limited to the rate of decrease from this 
maximum as an origin. 

The justification for this limitation is: 


(1) That the primary increase from the uppermost sampling 


station to the maximum may possibly be only the result of sampling 
errors, in which case all observations upstream from the maximum 
must be considered erroneous. 

(2) That the primary increase, even if it be a true dnd ehilirdBter- 
istic biological phenomenon, cannot be followed with any certainty 
nor measured with any degree of precision from the data at hand, 
At best it can merely be stated that in this particular river stretch 
the highest count would ordinarily be observed at a section which 
corresponds usually to a time interval: of 10-15 hours ‘below the 
sewer outlets. 

(3) That the bacteriological phenomenon which is ‘of real impor- 
tance from the viewpoint of the sanitarian is the eventual decrease 
in numbers. 

(4) That the simplest method which serves accurately to describe 
and measure this decrease serves all practical purposes. 


Ee 


: 
; 
: 
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In Table No. 122 the agar, gelatin, and B. colt counts, which have 
been previously shown in Table No. 114, are retabulated, excluding 
all observations upstream from the section at which the maximum 
count occurs in each gage height series. The time-intervals to 
successive downstream stations are then reckoned from the section 
at which the maximum is observed. The bacteria in this table are 
expressed in terms of ‘‘quantity units;’’ that is, the numbers per cubic 
centimeter as shown in Table No. 114, have been weighted by the cor- 
responding discharges. This has been done, as previously explained, 
(p. 282) in order to eliminate the effect of varying dilutions. It will 
be noted, for example, that the ‘‘quantity units” (in thousands) at 
the origin vary only from 4,219 to 1,055, whereas the actual counts 
at these sections vary from 352,000 to 2,770 per cubic centimeter. 
It would answer the same purpose and give substantially the same 
result to express all counts in this table, as percentage of the maxi- 
mum in the respective gage height series as in Table No. 115; but 
it has seemed preferable in this case to follow the more direct method 
of using the actual data in quantity units rather than ratios. 


TaBLe No. 122.—Summary of bacteriological observations at all sampling stations 
between Cincinnati and Louisville during the months April to November, 1914, 
1915, and 1916, grouped according to gage heights on dates of sampling, with 
corresponding mean times of flow from the section showing the maximum bac- 
terial count to each sampling station below 


[Results expressed in thousand quantity units] 
AGAR COUNTS 





Station 475 Station 482 Station 488 Station 492 Station 543 Station 598 


Mean Bac- Bac- Bac- | __ Bac- | __ Bac- ; Bac- 
gage- Time, | teria, | Time, | teria, | Time, | teria, | Time, | teria, |Time,| teria, |Time,| teria, 
height, | hours | thou-| hours | thou- | hours} thou-| hours | thou-| hours | thou- | hours| thou- 
feet from | sand | from | sand | from | sand | from | sand | from | sand | from | sand 
maxi- | quan- | maxi- | quan- | maxi- | quan- | maxi- | quan-| maxi-;} quan- | maxi-| quan- 
mum | tity | mum] tity |mum/| tity | mum| tity | mum tity mum tity 





units units units units units units 
« RRR o 0| 2,538) 28.7] 342) 38.9] 242] 43.5] 236 | 172 13.7 | 475 1. 49 
) Ee 0|4,219| 21.7] 829) 29.8} 806| 33.9] 713] 131 15.1 | 301 2.72 
Se od 0|3,616| 17.7| 656| 24.9| 550] 286] 570] 111 39.0 | 247 3. 93 
“) Ret Se 0} 1,967] 14.9] 1,771 | 21.4 | 1,280} 24.8] 1,241] 95.7) 122 | 209 1. 06 
ie oe BA? See 0 |2,590| 60/1,551| 92)1,052} 71.4] 219 | 172 16.1 
a a eer 0 |3,437| 5.4|1,907| 83] 1,187] 61.7] 162. | 147 24.9 
Wet. Sr ee ea | ee 0 |.2,327! 4.9] 2,292! 7.6|1,807! 54.9) 432 | 131 37.0 
| SOS ea iPS Siete SS es 0 |3,947] 2.6]2,846| 44.9] 627 | 114 48. 5 
as BRT OS BI ae BG EES Fe Be 0 | 3,203) 2.4/2,879] 406] 772 | 103 104 
RS as RSS SPE MRE nape Se 22S,» 0... 3.613 |. 23.6 1,,%123 88.7] 114 
8 Ce Ee, Me RRR Cia ae I Lk eS 0 | 2,820] 28.8 | 1,835 74.6| 271 
SG -agaRS RN ERE RCARE SASSY SEE VE a PPR 0 | 2,739] 25.9] 566 64.2| 338 
DMMEEPEe ist: ).jb) klar. Jie Bae eee 0 | 4,201 | 23.5 | 2,137 55.11 627 
OS as RRS SSR Lee feat o ee: Oey Cer: yg ES ee O | 2,124 27371 .477 
Ce. |- ete yee Pd Sapeeeeeey eter 0 1,866 | 20.0 | 1, 194 43.4 712 
Seah Saarinen & SERN Kani Sos Pasa 3 See Rios RSA 0 | 1,587 19.6 | 746 
Ae Signa apis Sean IRS Rs AISNE KC SR 1,055 | 15.1] 798 32.31 643 
ite, URS an AE SRE PRE ARES 0 | 1,381] 12.5 | 1,065 28.3} 873 





* This figure, being irregular and based upon a@ small number of observations, is omitted in computing - 
averages in Table 123 


95404°—24+ 
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TaBLe No. 122.—Summary of bacteriological observations at all sampling stations 
between Cincinnati and Louisville during the months of April to November, 191 4, 
1915, and 1916, grouped according to gage heights on dates of sampling, with 
corresponding mean times of flow from the section showing the maximum bac- 
terial count to each sampling station below—Continued 


GELATIN COUNTS 


Station 475 | Station 482 Station 488 Station 492 Station 543 Station 598 


Mean Bac- Bac- Bac- Bac- | __ Bac- Bac- 
gage- Time, | teria, | Time, | teria, | Time, | teria, | Time,| teria, |Time,| teria, |Time,| teria, 
height, | hours| thou-| hours | thou- | hours | thou- | hours | thou- | hours| thou- | hours| thou- 
feet from | sand | from | sand | from | sand | from | sand | from | sand | from | sand 
maxi- | quan- | maxi- | quan- | maxi- | quan- | maxi- | quan- | Maxi- | quan- | maxi-| quan- 

mum | tity |mum/] tity | mum| tity |mum| tity | mum tity | mum tity 

units units units units units units 


Cee ee ee ee eee ee Ee ee eS ee —— Eee 








1,3 senexee 3 0 | 1,642) 28.7 341] 38.9 354 | 43.5 371 | 172 15.8 | 475 1. 48 
ys peer apa 0 | 3,046) 21.7) 1,083] 29.8) 1,051 | 33.9 937 | 131 15.6 | 301 2. 88 
Site eo ae 0 | 2,692} 17.7 767 | 24.9 868 | 28.6 950 | 111 74.7 | 247 9. 29 
Ae. dae 0) 1,843 | 14.9] 1,711 | 21.4] 1,534) 24.8) 1,701 | 95.7 132 209 15.8 
DiBise cee sce] da tecloeas eed 0 2, 546 6.0 | 1, 730 9.2 | 1,392 | . 71.9 429 172 22. 4 
G0 eres ee on ote ee te 0 2, 623 5.4 | 1, 758 8.3 | 1,031} 61.7 113 147 31.3 
We Des-> ace 2 ees etd 8 es ee 0 2, 303 2.7 | 1,857 | 50.0 519 126 59.5 
ro 241 hak ips ay pee cree oe Sea eAC NY DRE RE SAR ae het GA ul Pye ntie 8 0 5,057 | 42.3 691 111 53. 7 
002) $25 fee] tess Ps vaspeleet set leah! 0 3, 248 2.4 | 2,664 | 40.6 786 103 106 
be eae, elnino il eats 6. arse Ree LEN 8 (AEP. daa Fe 0 3,461 | 33.6 | 1,600 88. 7 147 
12.8 2.4--..i]Sepesenie ee 3 ee Sees ee 0 3,175 | 28.8 | 3, 025 74. 6 326 
14S oe oo ans nei gd vin cin San) aoe aes me ae ee ee hee eee 0 2, 532 | 25.9 | 1, 447 64. 2 454 
GR et a2, | eh abr eo a | Ste ebe 5 tie baie.” el ee a, # 0 4,885 | 23.5 | 3, 564 55. 1 729 
1h Bee ee Cees ee ee Pre erg Pe ee ee ee a 0 2, 500 27.7 827 
PELL Es eRe hl) Me i SD pple tS cn Bly ed hy oes be 0 2,409 | 20.0 | 1,895 43.4 | 1, 637 
26.9 2b. ste ice eto 1S. ed. se P.O tits Saks eee ea es 0 2, 841 19.6 | 1, 490 
BO oe oN ens one | te oan ede = Sen — sebeebatee- ee an eee 0 3,355 | 15.1 | 3, 212 32.3 | 1, 874 
BD ee be oo Loh os ore cho nis 2 med Le eats eee ae aA a ee ne | ee ee 0 6, 059 
B. COLI 
ioe sarans 0 | 49.75 | 28.7] 6.02] 38.9] 4.27) 43.5] 3.87 | 172 0. 142 | 475 0. 0269 
ee 0 | 48.07 | 21.7 | 28.24 | 29.8] 14.44 | 33.9] 8.54 | 131 . 336 | 301 0696 
Dee 4a cee O {113.67 | 17.7] 20.15} 24.9) 20.89 | 28.6) 18.75} 111 . 129 | 247 164 
ee 0 | 69.33 | 14.9 | 29.60] 21.4 | 34.39 | 24.8] 25.19] 95.7 8. 874 | 209 0700 
> tale Goreng Sas eB ota = Spits 0 57.49 | 6.0 | 35.70 9.2 | 35.95 | 71.9 4.080 | 172 304 
6.Bcesseess|=s22 betes eee 0 70. 95 5.4 | 52. 47 8.3 | 43.55 | 61.7] 12.376 | 147 0881 
poe eae eee, 48 9 Cee oe 2 0 68. 83 4.9 | 48. 60 7.6 | 40.10) 54.9; 19.339 | 131 1. 043 
fh gees RR PEER REEL, FIR io pa Pg & 0 94. 08 4.5 | 73.47 7.1 | 32.94 | 49.4} 12.220} 118 . 7934 
ee es pair AA beh tpah AM S sA  B a Bea depend Whe bg age Sb 0 80.77 | 38.2 7. 796 | 101 1494 
DA Ve est eM i eet! ERR an 8 ach | Br anal | 0 66. 80 2.3 | 65.60 | 35.9)| 20.864] 91.0 1. 806 
VOB eee sah re teehee ie ee eee te ae ee 0 64.48 | 28.8 | 25.740] 74.6 4. 518 
tO belt Co el pred ES eat a rma 4 tena = oy | Ravana mie | epee by O {126.87 | 25.9 | 15.8389] 64.2 7. 075 
17 Rese 255 2 eaets 4 anys Ses [rawr el arp ene a] mmesias aseeee O {130.41 | 23.5) 33.499} 55.1 7. 487 
tb pig RR RF PR, ne Deh SSS pnd 0 89. 86 1.6 | 36.06 | 23.6) 40.038 |. 51.3 9, 251 
ReLitccnd ae leee eee tear oes lee Eeene Soeeeslwaln ne aeheerarEe 0 47.37 | 20.0) 25.230] 43.4 1. 697 
it ae 0 | 39.81 2.8 | 22. 59 4.9 | 30. 24 6:35) VO) O86 se ee 43.9 | 13.340 
36.3155. 25202. {Pade oseite. Soe 0 47. 57 1.8 | 18.45 3.1 | 25.95 | 18.2) 20.180] 35.4} 14.819 
Fes PR I PL Sy Be 5s? es CP? Rh de eae Pe SD O |107.78| 13.5] 27.944 | 28.38 9. 980 








In two series of observations in this table, at gage heights 18.9 
and 36.3 feet, the origin from which time is reckoned for the agar 
counts is not the true maximum, but a section farther downstream. 
This is done on account of irregularities in the sequence of counts. 
Thus, at gauge height 18.9 the agar counts recorded were: 


At BtQtiGn (Dies cove do Ae Ce ee ee 25, 962 
At station 482 i.09 pie oN a a ea eee 17, 918 
At station 4884¢¢ceste seluwe Fags eogu boeel fee stg) a 16, 969 
At station’402 (220625. oo tae cee GC eat ae 15, 272 
At station $43 sooru acs oo oe ee ee eee 18, 441 


At station SOB. ose o i es a ee es 4, 141 
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Since the count first decreases, to station 492, then increases at 
station 543, the irregular counts above the latter station have been 
disregarded as being probably affected by some rather unusual error, 
and the origin has been taken at station 543. Likewise at gage 
height 36.3 feet, the highest count observed was 5,312 per cubic 
centimeter at station 482, decreasing to 2,754 at station 488, then 
increasing again to 3,661 at station 492. Therefore in this series 
station 492 is taken as the origin, instead of station 482. . 

Extent and rates of decrease in. summer months-—The agar count 
data from Table No. 122, regrouped according to time intervals of 
flow from the maximum, are shown in detail in Table No. 123.. From 
this table it may be seen that, with some exceptions, the bacteria de- 
crease quite regularly as the time intervals increase, so that the 
numbers which fall within any given time interval are generally of 
the same order of magnitude, and are quite fairly represented by 
their means. 

TaBLe No. 123.—Data from Table No. 122 regrouped according to time intervals of 


flow from sampling station at which maximum count was observed, agar counts, 
quantity units, months April to November 





















































Time of F Time of F 
Gage | flow from roe acer : Gage | flowfrom att 
Sampling station | height, maxi- santit Sampling station height, | maxi- fianitit 
wid mum, | 4 mits ' sie mum, {4 units 4 
hours si hours 
ORIGIN, MAXIMUM TIME, 1045 HOURS 
ri) jh St ie Set ee 1.3 0 2, 538 
At ee 2.5 0 pts a ae Be 4.4 14.9 1,771 
r': | ae OE ea 3.4 0 3 G1 ieee chee oe 43. 5 12.5 1, 065 
“os Val ie ee 4.4 0 1, 967 ae posi ET 
ARD vente ieee 5.3 0 2, 590 Meainer er Sees 13.7 1, 418 
oo Gea 6.5 0 3, 437 
7 ot. ee es Ea Obst eae TIME, 15-20 HOURS 
rv. ROPES grees 9.5 0 3, 203 
See asec ap. 8 9 ORB Hehe os eRe ge 3.4 17.7 656 
3 eon tterenecnnn=-- 7" 4 ee) {| AB. ¥23-LELE OReTE. 5836.13 15.1 798 
2-77 ------------- ’ Nie rsa ae 26. 9 19.6 746 
Tos ee eee 17.1 0 4,201 Stee 
A aa 22.1 Le pipes hy Peal i aihntin or 7 
gone tel 36. 3 0 1, 055 Mean. .-.-- 17.5 33 
sep FT TIT” 43.5 0 1, 381 s 
My lou... 18.9 0 2, 124 TIME, 20-25 HOURS 
a> 26. 9 0 Ge Gee eae 
oO wag ambi IOI Ef 2.5 21.7 829 
wy, Sie Saray Pag aS hg SEER E 4.4 21.4 1, 280 
rt SE eA 3.4 24.9 550 
TIME, 0-5 HOURS 400. bn 4.4 24. 8 1, 241 
LL beige Oty SEM 22. 1 20. 0 1 194 
17.1 23. 
es a Be a6 4, / 2, = food 2 hie xe 6 
eS ae 9. 5 2. , Kesh VSN Way 22.7 1, 205 
77 RN TT aT 8.5 2.6 2 846 Mean 
Medthonwcitidades. Lx2: 3.3 2, 672 TIME, 25-30 HOURS 
TIME, 5-10 HOURS Py eee ae ree ang L3 28.7 342 
: eto ape trate sss cede 2.5 29. 8 806 
RANE n= SS LR 3.4 6 
7h oe 6. 5 5. 4 1,907 1 §4ae}issiice vO. 14.8 25.9 566 
eh Saas 5.3 6.0 Wy Oe: gaa oe gl ee 12.8 28. 8 1, 835 
SE ME edad dst ane 7.5 7.6 aresdh| a Meal tlnpeaerelaeae 43. 5 28. 3 873 
oe 6. 5 8.3 1,182 || sogcl) uclbsusasare 18.9 27.7 477 
Gy es SRST HEARS. tt: 5.3 9.2 1, 052 
ere ot ere 7.3| 1,800 1 eat Bet Teale | 28. 2 781 
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TABLE No. 123.—Data from Table No. 122 regrouped according to time intervals of 
flow from sampling station at which maximum count was observed, agar counts, 
quantity units, months April to November—Continued 




















Time of : Time of . 
Gage |flow from Ft bol Gage flow from Sead 
Sampling station | height, | maxi- | (yantit Sampling station | height, | maxi- | Quantit 
feet mum, | 4% units y feet mum, |% sinits y 
hours hours 
TIME, 3040 HOURS TIME, 100-125 HOURS 
458 5530 38%. ees 23 1.3 38. 9 242 
eran 25] 8) MBN Go|] toa] oee 
ote acaba ses ; ; 1 he: MAAR Oo Loc ee 8.5 114 48. 5 
Means sci ide ite 35. 0 533 Meant fe 109 63. 9 
TIME, 40-50 HOURS 
| TIME, 125-150 HOURS 
as meee Se eee 1.3 43. 5 236 
it OE ee saapieas edpaprtat. = 2 9.5 40. 6 772 
Wile Dh ocaieciaaie. 8.5 44. 9 627 —e page 
fo Mab a radi 8}, 22.1 43. 4 712 147 25.0 
it ts Rare eee See Ae A 43. 1 | 587 136 25.7 
TIME, 50-75 HOURS 
eek a. ah chine 1 TIME 150-200 HOURS 
To eR 7.5 54. 9 432 
O45 2 ee oe cee 6.5 61.7 162 : 
Lig Ss Ee Ors See 5.3 71.9 vs DN | ics aes « ee: PR Pane -13 172 13.7 
ee eee 17.1 55. 1 527. |) 506. fcc POUL 5.3 172 16.1 
ic: neg el ep epee ees. 14.8 64. 2 338 Pye eae ee is ato ee ee a 
| Aleiesiatlhd ES sss | 12.8 74. 6 271 Mean. 2160.) Shee 172 | 14.9 
Mean _cestsd}-0.<<_-. | 62.7 324 
yr TIMES, OVER 200 HOURS 
TIME, 75-100 HOURS 
eee ei rite a pemany Roane PERT WS Pee td eee 
598. --..-.---------- 10. 8 i Sia | See ere 2.5 301 2.72 
Afoak ee Lea. 92, 2 | 118 || 908s-2-42--bs--2---- 1.3 475 1.49 





The data from this table are summarized in Table No. 124, which 
shows: 

In column (1) the time intervals of flow from the maximum within 
which observations have been grouped for averaging. 

In column (2) the mean of the recorded times falling within each 
interval. 

In column (3) the mean numbers of bacteria, in thousands of 
quantity units (numbers per cubic centimeter x discharge, in second- 
feet, divided by 1,000,000), as shown by observations falling within 
the designated limits of time from the maximum. 

In column (4) the percentages which the bacteria remaining in 
each time period are of the numbers (quantity units) observed at the 
maximum. 

Corresponding data are given in columns (5) to (10), inclusive, for 
gelatin counts and B. coli, similarly grouped.” 





26 The mean times of flow in corresponding time periods are not necessarily identical, since the maxi- 
mum of agar, gelatin, and B. coli counts does not always occur at the same section. 
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Tasie No. 124.— Average numbers of bacteria, in quantity units, at section below 
~ Cincinnati showing maximum count (origin) and at indicated times of flow below 
this maximum, April to November, inclusive, 1914, 1915, 1916 





Agar counts Gelatin counts B. coli 
Bacteria remain- Bacteria remain- Bacteria remain- 
in in in 
Time intervals Mean . Mean ~ Mean 4 
from maximum big Ee Cee ee EMER A ce Te Se oes Laks 
rom rom rom 
ae Quan- F Quan- Quan- 

pei aa tity | Per cent rane tity | Percent eat tity | Percent 

evita units, | of maxi- hours units, | of maxi- i units, | of maxi- 

© | thou- | mum thou- | mum ours | thou- | mum 
sands! sands! sands! 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

Origin ee ses 0 {2,729 100. 00 0. 42,951 100. 00 0 76. 32 100. 00 
Under 5 hours_---_- 3.3 |2, 672 97. 91 2. 6 |2, 260 76. 58 3.2 40. 12 52. 56 
G10 Hours. 2_- =... 7. 3 1, 500 54. 96 7. 2 11, 478 50. 08 ey 81 48. 62 
10-15 DOUrS. ....._... 13. 7 |1, 418 51. 96 14,9 }1, 711 57. 98 14 OR TT 37. 69 
15-20 hours__.-____- Woo) too 26. 86 17. 4 |1, 823 61. 78 17.9} 20.16 26. 41 
20-25 hours__.-___-_- 22. 7 |1, 205 43. 79 22.7 |1, 774 60. 12 22.8; 29. 64 38. 83 
25-30 hours. _.____-- 28.2] 781 28. 62 28. 2 |1, 273 43. 14 28,3. f. 15.13 19. 82 
30-40 hours--_-___--_- 35. 0 533 19. 58 34. 7 |1, 191 40. 36 36. 5 11. 26 14. 75 
40-50 hours__.__---_- 43.1 587 21151 42.5 871 29. 51 45. 0 7. 78 10. 20 
50-75 hours. _--__--- 63. 7 324 11. 89 62.9} 428 14. 51 61.9 9. 16 12. 00 
75-100 hours -_-_._--- 92 3b 18 6. 58 92.2] 139 4.71 93. 4 5. 34 9, 00 
100-125 kours__-__--- 109 63. 9 2. 34 108 78.1 2. 65 110 . 357 . 467 
125-150 hours-______- 136 25,2 . 941 135 35.5 1. 20 136 . 489 . 640 
150-200 hours_-_.___- 172 14.9 . 546 172 19.1 . 647 172 0228 . 292 
Over 200 hours. -___. 209 10. 63 . 389 209 15. 8 . 585 209 . 070 . 092 
247 3. 90 . 144 247 9, 29 315 247 . 164 2215 

301 292 . 100 301 2. 88 . 098 301 . 070 . 091 
475 1. 49 . 055 475 1.48 050 475 . 027 035 


1 Bacteria per cubic centimeter X discharge in second-feet + 1,000,000. 


Inspection of this table shows that the decrease, as indicated by 
the percentages of bacteria remaining at successive time intervals, 
though showing some irregularities, is on the whole remarkably regu- 
lar and orderly. The relation of the bacterial decrease to time is 
better shown, however, when the percentages of bacteria remaining 
at each time are plotted as ordinates on a logarithmic scale (which 
is equivalent to plotting their logarithms on an arithmetic scale), 
with corresponding times of flow from the maximum plotted as 
abscisse on an arithmetic scale, as in Figure 36, which serves also 
to illustrate the method used in formulating the relation of decrease 
to time. 

Formulation of curves of bacterial decrease.—It is apparent from 
this figure that the trend of the observations in the whole series can 
be represented best by a curved line, of progressively diminishing 
slope, implying that the rate of decrease diminishes progressively 
with increasing time. However, the observations within any limited 
period of time, as, for example, within the first 60 hours; from 60 to 
150 hours; and from 200 to 500 hours, lie more or less regularly along 
straight lines, so that the curve as a whole may be considered as a 
composite of a series of straight. lines of diminishing slopes. 
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The simplest assumption for formulation of the curve from this 
point of view is to consider it as made up of only two such straight 
lines, tangent to its proximal and distal portions. 

Since the ordinates are logarithmic, any straight line is represented 
by the equation: 

log oy = log, a — ba (1) 


which may also be written: 
y=a (107) (2) 


Consequently, the curve made up of two component straight lines, 
having constants (a) (6) and (c) (d), respectively, will be represented 
by the equation: | 

y=a (10°) +e (10-%) (3) 


In resolving the curve into two component straight lines the steps 
in the procedure followed were: 

(1) A smooth curve was carefully drawn by inspection through the 
points defined by the observations. 

(2) A straight line was then drawn tangent to the lower extremity 
of the curve. 

(3) The constant (c) in the equation of this line y=c (107~*) was 
then determined graphically by taking x=0, when the equation 
becomes y=c. 

(4) The constant (d) was then determined by substituting in the 
equation; log y=log c—dz any convenient coordinate values of (2) 
and (y) as determined graphically. 

(5) In the equation y=a (107%) +c (107%), when z=0, y=a 
+c=100 (per cent): hence a=100—-—e. 

(6) The value of the constant (b) was determined by substitut- 
ing, in equation (3), the previously determined values of (a), (c), and 
(d) with any convenient coordinates values of (x) and (y) determined 
graphically, verifying the result by substituting other values of (a) 
and (y).?7 

The values of the constants in the equation: 


y =a (10-*) +6 (10-%) (3) 


as thus determined for the agar count, gelatin count and B. colt 
observations, and the ordinates corresponding to graduated time- 
intervals (x) are shown in Table No. 125. The curves shown in 
Figures 36 to 41, inclusive, are drawn from these coordinates, and the 
actual observations given in Table No. 124 are plotted as points, in 
order to indicate their consistency and their fit to the curves. 

27 The adjustment of the values of these constants by the conventional method of least squares, which 
suggests itself, is not practicable because the excessive weight given by this method to observations in 


the upper section of the curve distorts the result giving a curve which entirely fails to fit the actual 
observations. 
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Fig. 36.—Bacterial purification in Ohio River between Cincinnati and Louisville in relation to time of flow from zone of maximum pollution 








Agar counts: Summer months 


Logarithmic ordinates. 
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, April-November, 1914, 1915, and 1916, 


Points (0) indicate actual observations (Table No. 124), 


Ordinates of curves from Table No. 125. 
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Fic. 37.—Bacterial purification in Ohio River between Cincinnati and Louisville in relation to time of flow from zone of maximum pollution 
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, April-November, 1914, 1915, and 1916, 


Points (0) indicate actual observations (Table No. 124). 


Gelatin counts: Summer months 
Ordinates of curve from Table No. 125. 


Logarithmic ordinates. 
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Fia. 38.—Bacterial purification in Ohio River between Cincinnati and Louisville in relation to time of {low i 
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, zone of maximum pollution 


, April-November, 1914, 1915, and 1916. 


Points (0) indicate actual observations (Table No. 124). 
Ordinates of curve from Table No. 125, 


Summer months 


Coli: 
Logarithmic ordinates. 


mF 


OHIO RIVER—POLLUTION AND PURIFICATION 


308 


e 7 - 

(*So4VUI PIO OTUITITICZO] 0} UMEIP BICP [BOTJUOPT 10J OE “Sy 999) 
*So}8UIPIO ojduIg 

"OIG PUB ‘GIGI ‘FI6I ‘JOQUIeAON-[lidy ‘syjaoUl JouIUINg :s}uNOdD IvBy 


‘TOyNyod UNUMTXeUL JO 9U0Z WO} MOT JO SUNT} 0} WOTJRIOI UT O[[JASTNO'T pu yyeUUjoUTH WeesHyoq JOATY OTGO UI worjwoylind [erej;eg—'6e “Ol 


UOIPOAUBIUO LUNUAXDW, JO UlO4 WOUZ SAMOP{ U} MOL 4 JO BULL 
001 





M4 








S 


l i 
°o 
°o 





° o 
st oO 


fo] 
eo) 


buiujoury o12490g Jo eajuDrI24 


= 


WE 





309 


BACTERIOLOGICAL STUDIES 





(‘SoPBUIPIO dTUIYIIVZO] OF UMBIP BJP [BOTJUOPT JO} 1¢ *BY 90g) 
*S0]8UIPJO e[dullg 
“OT6T PUP “CIEL ‘FI6T ‘1equIeAON-Tl1Idy ‘sqjyuoUL JouTUINg :s}UN0d Ulyelexy 


WoryNyjod WNUTXeUT JO oO W101] MOF JO GUIT} 0} WOT}LIOI UY OT[IASMOT pure eUUTOUTD UeeM4oq JOATY OIYO UT UOTROgLANd jeojoeg—oF "DI 


buyuyousy WL2}90g JO 2%0}UT2124 


eS ee 


OHIO RIVER——POLLUTION AND PURIFICATION 


310 





EE ——_ = es Ss ee ee 


(‘SeJVUTPIO OTUIY}1IVIO| 04 WALIP GBP [BdIJUEPT JO ge “ZY 9g) 
*$0]8UIpJO efduig 
“9T6T PUL “CTL “FI6I ‘JequIeAON-Tidy ‘syJUOUI JouIUINY <7j09 “g 


UoWNI[od wANUITxXeUT JO o10Z MOI] MOL JO OUT} OF TOPIVTOI UT O][TASMO'T pus [eUUTONID WeEMJOq JOATY O1YO UT UOTyeoytInd [erojeVg— TF “or 





UOLJOYLIADUO) WINLUIXDJY JO JUDG WAY SAMO UY MOL4 JO BULL 
Q0¢ 





00v 








°o 
oO 








o 
z 


buuyourry vj22}20g yo 204u29104 





o 
0 





3 














o 
tr 














BACTERIOLOGICAL STUDIES 3i1 


TaBiE No. 125.—Formulae and coordinates of curves describing decrease in gelatin 


me agar counts, and B. coli, in relation to time of flow from zone of maximum 
pollution : 


[Curves apply to river stretch from Cincinnati to bape and to the seasonal period April to November, 
inclusive 


FORMULAE 


Gelatin counts: y=97.2. (1070-91588) 4.2.8 (10-0.004137x) 
Agar counts: Y =97.8.(10--91757x) 4.2.2 10-0.004109x) 
B. coli: y=99.51. (10-195) 4.4, 9(10-0.00242x) 


COORDINATES 





Percentage of bacteria remain- 
ing (y , 
Time of flow from maximum (z) 


Gelatin Agar * 
count (y) | count (y) B. coli (y) 
NS ere He iaaet aint hae ia Mapai rites ements & 100. 00 100. 00 100. 00 
RUNNION Mibes spiee ort - 9 Sos a - che op i re peg de feed oe as 70. 29 67. 26 63. 97 
es oes van See ieee oe all RB aetapnactaens eam ee eae apie ott pope = este EN.) op! 49. 52 45. 37 40. 98 
SU IIR ten ig oy Fh Ek oy cee rg hh dee Ede Sees eee 35. 01 30. 71 26. 28 
oy i i te pets Seka lle an plas Raabe pele ate e Sed ape apie gs stetelbas | 24. 84 20. 90 16. 90 
LER 2 Se SS en oe ee ee Meee, Tee a © Saree ee See Fe 17. 72 14. 31 - 10. 91 
a sys SR, i ial a l= ne cin Ba Ask. ees aoa jap Sp 12. 72 9. 879 7. 08 
REO RR ee es ee ee gpd th erate peepee cee 9. 10 6. 894 4, 62 
Eee ner ee ee OW RE So Sea dat tate sas ek oe eae 6. 71 4. 876 3. 06 
Rp 8 OS nd ae te ae ee eae ee ee eee Sen ra aN Se GO 4. 96 3. 504 ~ 2.05 
Pe aerrreR eee as ed Se FE Se ee eee 3. 708 2. 565 1. 398 
OES EE Pe es oS nes ae rh eee es SS 1.917 1. 296 . 607 
ey ao ee no ba Sunes eee ee ees 1. 103 . 759 . 330 
arenes A OS ee be) ee bl Be Gi eee .715 . 502 223 
IU en ee eo con eee eds ae oa eee . 488 362 173 
NES EE a hee eee ee el ee eee oe . 357 273 144 
IE OS se, att en soe ae eee ae ea ae oes . 270 211 123 
erm im nee oP a ot eka cee heey. eel ee ya ese 2087 164 1 
PPE eRS en ee ees Ga ae Sas tele oa ees . 1628 1295 0921 
Ne DLE TS SE ay eee ae Se SNE Se See OP, ee eae eS Bey . 1001 0802 0697 
DON hak ve yaa ail ace Baal le alle els eee een 2 aah LA rt wines appt | Be . 0620 0500 0528 
Sek! LL at Ee ais ie Shae Se es a ee Rms See ee! Re aa eS EP . 0385 0312 0399 
kg Se eS ee ey ee ee cea, Se ee cos so ee . 0239 . 0194 . 0302 
OO) i a ae are eS ee eee eet tee eee eS . 00923 . 00754 . 0173 
Oye SOE pe iol oop pee gee ee eli gag MRP a RES ane am yer Se . 00356 . 00293 . 00991 
See tthe fe ed es he it sk es ee ed ee: 22a 28 - See . 00138 . 00114 . 00568 
MM NnS are eS et ee coh cou edoe ek beece a ene eneam . 000530 . 000441 . 00326 
ON SE OY! PIUPR Te ears merece feeb rae merece shoe er . 000204 . 000171 . 00186 





It should be noted, as is best shown by the figures drawn with 
logarithmic ordinates, that the points to which the curves are fitted 
are rather widely scattered at times beyond 200 hours; also that 
the total number of observations represented by each of the points 
beyond 200 hours is much smaller than that represented by points 
within 200 hours (see Table No. 123), so that the distal sections of 
the curves are defined with much less certainty than their proximal 
sections. As regards the ordinates shown in Table No. 125, calcu- 
lated for times beyond the range of actual observations, they can 
not be considered at all reliable. They represent only the values 
that would obtain if the rates of decrease indicated by the curves 
continued to be operative, but furnish no evidence that such is the 
case. In fact, it would seem probable that the rates of decrease 
diminish at long times more than is indicated by these curves. 

The observations at the upper extremity of the curves, within 
about 50 hours from the maximum, are also quite irregular, but 
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those falling within a range of about 50 to 250 or 300 hours lie 
quite close to the curves. This, which is the most definite section 
of the curves, is probably also the most important; for a knowledge 
of the rate of purification in this river stretch is of value chiefly as 
indicating the extent of the protection which it affords to the water 
supply of Louisville, and durmg the greater part of the spring, 
summer, and autumn seasons the time of flow from Cincinnati to 
Louisville is between 50 and 300 hours. 

Comparative rates of decrease in gelatin count, agar count, and 
B. coli. groups.—Figure 42, in which are brought together the curves 
indicating the rates of decrease of the gelatin count, agar, and 
B. coli groups, indicates that up to about 400 hours the rate of de- 
crease is highest in the B. coli and lowest in the gelatin count group. 
This is according to @ priori expectation. The B. coli group, being 
made up more largely of organisms which are quite foreign to the 
environment found in a river, might be expected to die more rapidly 


than the group represented by the 20° gelatin count, which, pre- - 


sumably, comprises a somewhat larger proportion of organisms 
native to the soil; and the 37° agar count group would be expected 
to be intermediate between these two. Although the curves as 
formulated indicate a reversal of these relative rates beyond 400 
hours, it is doubtful whether this is of any real significance, since, 
as already noted, the lower ends of the curves and their extensions 
are not definitely fixed by the few and scattered observations at times 
beycend 250-300 hours. 

Extent and rates of decrease in winter months—As has been pre- 

viously noted, and as may be seen by reference to Table No. 114, 
the agar and gelatin counts during the winter months at gage 
heights over 25 feet showed no tendency to any decrease in the 
entire stretch from station 475 to 598, but rather a tendency to 
increase, so that the counts were generally higher at station 598 
than at station 475 or at any intermediate station. This does not 
necessarily imply that the processes of natural purification were 
entirely inactive at such periods. It may perhaps signify merely 
that the processes were so retarded that the purification, if any, 
which took place within 50 hours or less was not sufficient to be defi- 
nitely measurable, having due regard to the probable magnitude of 
the observational error; but since the winter observations at high 
river stages show no decrease it seems proper, in a study of the rates 
of purification in winter, to exclude them and to confine attention to 
observations at gage heights under 25 feet. 
_ Again, as previously noted (see p. 295), the observations at stations 
482 and 488 in winter, even within the lower range of gage heights, 
are entirely out of inka with those at the other stations, so the general 
trend of the observations as a whole may be shown much more 
simply and perhaps as correctly by disregarding these two stations. 
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Time of Flow in Hours from Point of Maximum Concentration 
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Fic. 42.—Comparison of rates of decrease in bacteria of gelatin count, agar count, and B, coli groups in Ohio River between Cincinnati and Louisville 
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(Curves identical with those shown in figs. 36, 37, and 38, respectively.) 


Summer months: April-November, 1914, 1915, and 1916. 
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The agar counts, gelatin counts, and B. coli determinations at sta- 
tions 475, 492, 543, and 598, as given in Table No. 114, are, therefore, 
summarized in Table No. 126, the series for each gage height 
beginning with the section showing the highest count, and the times 
of flow being reckoned in each instance from this origin. In several 
instances, as indicated by blank spaces in the table, observations at 
one or both of the intermediate stations (492 and 543) have been 
omitted because the counts at these stations were in irregular 
sequence, being lower than the counts at the station next below. 


TaBLE No. 126.—Summary of bacteriological observations at sampling stations 
475, 482, 488, and 492, during the winter months, January, February, and March, 
1914, 1915, and 1916, grouped according to gage heights on dates of sampling, 
es mean times of flow from section showing maximum count to each station 

elow 


I. AGAR COUNTS 


Gage height Station 475 Station 492 Station 543 Station 598 


ee | ee ee 2 ee eee 


Time of | Bacteria | Time of |} Bacteria | Time of | Bacteria | Time of } Bacteria 
flow from per flow from per flow from per flow from per — 


Range Mean | maxi- cubic maxi- cubic maxi- cubic maxi- cubie 
mum, centi- mum, centi- mum, centi- mum, centi- 
hours meter hours meter hours meter hours meter 

ze Feet 
Under 10 fect_ 8.1 0 3, 881 14.8 3, 462 59. 3 1, 165 131.3 715 
10-12 feet. -._ 11.0 0 3, 750 11.3 2, 447 44.3 1, 190 103. 8 725 
12-14feet _..} 13.1 0 2, 780 9.8 1, 716 38. 3 1, 229 83. 3 783 
14-16 feet_ -__ 14.5 0 “kites Eh See (1) —--— Powetossack (4) 75. 1 1, 376 
16-18 feet ____ 17.0 0 7A Cy bh 2a ee (4) 31.6 1, 646 63. 6 1, 305 
18-20 feei ____ 16,9 1 oes 2 se Be 0 5, 325 _ 22.0 2, 256 50. 0 1, 784 
20-25 feet _ =: 22. 6 0 2,917 6.7 Pa edit: B® 5 (4) 49.7 2, 453 


Feet 


Under 10 feet_ ae Np es a RY 0 17, 912 44.5 W771 116. 5 5, 367 
10-12 feet__-.| 11.0 0 11, 957 IL.3 9, 721 44.3 6, 189 103. 8 3, 591 
12-14 feet___.| 13.1 0 13, 095 9.8 7, 861 38. 3 4, 883 83. 3 3, 953 
14-16 feet____ 14.5 0 32, 588 9.1 27, 669 35. 1 23, 462 FoAL 11, 680 
16-18 feet._..} 17.0 0 12,501 fies ckoke ope Eee eae (1) 63. 6 8, 119 
18-20 feet._.-| 18.9 0 22, 560 7.5 19, 926 29. 5 12, 199 57.5 10, 863 
20-25 feet__._} 22.6 0 22,8204. Ieee. Nae ee ME ge 2 (1) 49, 7 20, 511 
Ill. B. COLI 
Feet 
Under 10 feet_ 8.1 0 306 14.8 223 59.3 25. 0 131.3 11.0 
10-12 feet_.._| 11.0 0 465 1h Oe 3 143 44. 3 53. 5 103. 8 8.5 
12-14feet____}| 13.1 0 332 9.8 166 38. 3 46. 0 83. 3 18.0 
14-16 feetwc i) (1462s. Sars aes 0 260 26. 0 40. 0 66. 0 39. 0 
16-18 feet_.._| 17.0 0 206 8.0 96. 3 31.6 32,5 63. 6 28. 5 
18-20 feet 22.) Sr 84 iat cee eee ot 0 87.5 22. 0 70. 0 50. 0 35. 4 
20-25 feet....| 22:6 0 160 6.7 103. 0 26. 7 59. 3 49. 7 40.9 





1 Observations omitted because of their irregular sequence, falling below the counts farther downstream. 


The conversion of the counts in this table to quantity units would 
serve no purpose except to obscure the trend, since the counts at all 
stations tend to increase rather than to decrease with increasing 
discharge. Therefore, for averaging the observations in similar 
time intervals, the actual counts (numbers per cubic centimeter) 
have been used. The results are summarized in Table No. 127. 
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TABLE No. 127.—Average numbers of bacteria (per cubic centimeter) at section below 
Cincinnati showing maximum count (origin) and at indicated times of flow below 
this maximum, omitting observations from stations Nos. 482 and 488—Winter 
months, December to March, inclusive, 1914, 1915, 1916 





























Agar counts Gelatin counts B. coli 
: ‘ F Bacteria per Bacteria per Bacteria per 
2 oes tora a cubic centimeter Hoe cubic centimeter Mean cubic centimeter 
maximum SUP Ry ee es Pree Raa ee a aT 
ah Num- ee cout force Num- ao cont ter Num- ie cent 
of maxi- of maxi- of maxi- 
mum ber Sieg 4 mum ber maid mum ber diary 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
Origme tS os 0 3, 511 100. 0 0 19, 063 100. 0 0 260 100. 0 
5-10 hours__-_.__ 8.2 2, 202 62. 7 8.8 | 18, 485 97.0 8.2 122 46.9 
10-15 hours______ 13. 0 2, 954 84.1 Be 9, 721 51.0 13.0 183 70. 4 
20-30 hours_.____ 22.0 2, 256 64.3 29.5 | 12, 199 64. 0 24.9 56. 4 217 
30-40 hours______ 34. 9 1, 438 41.0 36.7 | 14,172 74. 3 35. 0 39. 2 ga: | 
40-50 hours_-____ 47.0 1, 822 51.9 46.2 | 11, 490 60. 3 47.0 47.2 18, 2 
50-75 hours_.____ 57.6 1, 418 40. 4 65.4 | 10, 221 53. 6 59. 7 32.0 12.3 
75-100 hours. _-__ 79. 2 1, 079 30. 7 83. 3 3, 953 20. 7 83. 3 18.0 6. 92 
Over 100 hours._-| . 104 725 20. 6 104 3, 591 18. 8 104 8.5 3.27 
Over 100 hours.._- 131 715 20. 4 116 5, 367 28. 2 131 11.0 4. 23 


The relation of decrease in numbers of bacteria to time of flow from 
the maximum, as indicated by the percentages remaining at successive 
time intervals, is by no means regular. Nevertheless, in all three 
groups, agar counts, gelatin counts, and B. coli, it is evident that 
there is a definite tendency toward a significant decrease with time. 

The trend of the data is better shown in Figures 43 and 44, the 
observations being plotted on logarithmic ordinates in the first of 
these figures, and on arithmetic ordinates in the latter. The curves 
in Figure 43 are drawn simply by inspection, but with considerable 
care, and have been checked by comparing the curves drawn in- 
dependently by several persons. The curves in Figure 44 have been 
constructed by scaling off ordinates from Figure 43, as given in 
Table No.128. While none of the curves fits the data very closely, 
it is probable that they indicate the trend of decrease about as well as 
curves mathematically adjusted to the points. The curves are 
obviously similar to those derived for the summer months, and might 
be formulated by the same procedure; but, in view of the character and 
irregularity of the data, it has not seemed worth while to do this. 
The ordinates given in Table No. 128 are, therefore, merely values 
read off from the curves in Figure 43. They serve, however, for 
identification of the curves, and for comparison with the calculated or- 
dinates of the corresponding curves for summer months, as given in 
Table No. 125. Comparison with this table shows that the indicated 
rates of decrease in the gelatin and agar counts in the winter months 
are decidely less than in the summer months. The rate of decrease in 
B. coli is approximately the same in winter as In summer, up to 50 
hours, but beyond that time the decrease is decidedly less rapid in 
winter. | 
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Fic. 43.—Bacterial purification in Ohio River between Cincinnati and Louisville in relation to time of flow from zone of maximum 


pollution 


Gelatin count, agar count, and B. coli groups: Winter months, December-March, 1914, 1915, and 1916. 


. Logarithmic ordinates. 
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TaBLE No. 128.—Estimated percentages of bacteria remaining at stated times 
below section showing maximum count in winter months 


[Ordinates determined graphically from curves in fig. 43] 


Bacteria remaining, Bacteria remaining, 
percentages of maximum percentages of maximum 
Times of flow from Times of flow from 
maximum 7 a maximum Pt mee 
gar elatin gar tin 

count | count | B- coli count | count | B- coli 
Ohoutsys.4*- tae 100 100 100 70 BOUTS 22 etek S 33 36 Go 
10 howgp s gc. ue 8 82 60 SO. uours:. 253 .228ese 30 32.5 6.1 
20 henrg 2. 40 boa a 67 69 37 OG hotirs 22. esse es 27. 5 29. 5 5.3 
30 house. Fe 3 ols = 56 59 24 100 hours: 252-2 se 2E 3 27.0 4.7 
49 houra:. $605 Tes 48 51 $6. 6 7110 Honts=. 235 2 ee 23.5 25. 0 4. 25 
50 hours = F228 255 et 42 45 £2 Gilisi2o DONra- S24 bee 22. 0 23. 0 3. 85 
C0 hours. ew 37 40. 5 9..1.4}..130 hours; -.2- 2 see 20. 5 21:5 3. 50 


Comparison with indicated rates of decrease beyond the maximum 
when time is reckoned from sewer outfalls—Two methods have been 
applied to the study of natural purification in the river between 
Cincinnati and Louisville, namely: 

(1) The successive dhahows in bacterial counts have been related 
to times of flow reckoned from the sewer outfalls of the Cincinnati 
metropolitan district. 

(2) These changes have been related to time reckoned from the 
sampling station at which the highest average bacterial count is 
actually observed, disregarding all observations at sections above 
this station. 3 

The data used have been otherwise identical and the two methods 
might therefore be expected to yield substantially similar results as 
regards the extent and rate of decrease after a maximum count has 
been reached. In Figure 45 the curve of decrease in agar counts 
during summer months, when time is reckoned from the observed 
maximum, as reproduced from Figure 36, is compared with the 
descending limb of curve (A) from Figure 32, showing the rate of 
decrease 1n relation to time from the theoretical maximum, located 
at 12.5 hours from the sewer outfalls. | 

As may be seen from this figure, the two curves are by no means 
identical. They are, however, of the same general significance, so” 
that whichever one af the curves is accepted as the more reliable,| 
the general conception of the extent and rate of bacterial decrease 
after a maximum count has been reached is substantially the same. 
About the same order of agreement, sometimes more and sometimes 
less close, exists between the curves derived by these two methods 
for the gelatin and B. colt groups, and for the winter observations. 
Therefore, from a broad viewpoint, it is a matter of no great im- 
portance which method of grouping the data is used, although, for 
reasons which have already been stated, we believe that the simpler 
method of taking the observed maximum as an origin is, on the 
whole, preferable. 


— 
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Fic. 45.—Comparison of curves of bacterial purification derived by two methods 
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Significance of equations representing rates of decrease from the 
mazimum.—Although the equations which have been developed to _ 
describe the rates of decrease during the summer months from the 
zone of observed maximum pollution appear to describe the phe- 
nomena with reasonable accuracy, it-is not believed that they may 
properly be considered as expressing fundamental laws governing 
the rates of decrease of these groups of bacteria in rivers in general, — 
nor even that they state, in fundamental terms, the laws of decrease 
which apply in this particular river stretch. If the general as- 
sumption upon which the equations have been developed is correct, — 
namely, that the numbers of bacteria decrease at a progressively 
diminishing rate, then the curve of decrease might be supposed to 
be a composite, not of two but of a great number of lines of suc- 
cessively diminishing slope; so that a general equation of the type 
adopted would be of the form: 











Y= eT ce is) er mer 

























Any equation comprising a small number of terms could, there- 
fore, be only an approximation. 

It seems likely, however, that this form of equation, even with a 
large number of terms, is still not of fundamental form, though it 
might consistently give an excellent fit to the observations. There 
are, for example, some grounds for the surmise that the diminishing 
factor in the rate of decrease may be some function of the actual 
density (numbers per cubic centimeter) of bacteria present,”* in which 
case the equation would be written in a different form. Moreover, 
there are a number of variables not taken into account in this analy- 
sis which may have a more or less important modifying influence; for 
example, changes in temperature within the range included in these 
data (about 10°-26° C.); changes in depth, quiescence, turbidity, 
and other physical conditions in the stream, conceivably affecting 
the death rates of the bacteria either directly or through a primary — 
effect upon the plankton; and climatic or other conditions affecting 
the whole biology of the stream. 

With these possibilities of undetermined factors in view, it is 
obvious that the curves which have been derived may be considered 
only as approximate and empirical statements of the average rates 
of decrease obtaining in this particular river stretch under the con- 
ditions of season, temperature, and stream flow which are included 





- 


28 The suggestion that the rate of decrease may be a function of the density of bacteria present is derived ; 
chiefly from observations on the rates of purification in the Illinois River, made in the course of a study of — 
that river by the Public Health Service during 1921 and 1922. There is also some suggestive evidence to — 
the same effect in the data of Table No. 114, from which it may be noted that in corresponding periods of 
time the proportionate decrease in bacteria is greater when the initial counts below Cincinnati are high 
than when they arelow. The suggestion will be further discussed in the report on studies of the Illinois 
River, which is now in process of preparation. , 
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( 
in the observations. The fact that the Ohio River is a very large 


stream, a composite of many smaller streams, and that it is generally 
similar in its physical characteristics and in the range of sewage 
pollution to a number of other large streams may, however, warrant 
the surmise that the phenomena of purification in such other streams 
are generally similar, though doubtless differing more or less in 
detail. It is evident that any well-founded opinion as to the general 
applicability of the curves must await the results of comparative 
studies on other streams; but partial tests of their applicability may 
be made by comparing them with observations made in the stretch 
between Portsmouth and Cincinnati, and by testing the reason- 
ableness of results when these curves are applied to estimating the 
influence of natural purification in the entire river system above 
certain points. 


RATES OF BACTERIAL DECREASE IN THE OHIO. RIVER BETWEEN 
PORTSMOUTH AND CINCINNATI 


The rates of bacterial decrease observed in the river between 
Cincinnati and Louisville may now be compared with observations 
in the stretch from the junction of the Scioto River, at station No. 
358, to the upper limits of Cincinnati, at station No. 461. As has 
already been noted, this stretch of 103 miles is comparable to that 
between Cincinnati and Louisville in length and in freedom from 
any considerable additions of sewage or of tributary inflow which 
might. tend to obscure the influence of natural agencies of purifica- 
tion. However, it differs from the Cincinnati to Louisville stretch 
in several important particulars, of which the following are the most 
obvious: 

(1) At low river stages the velocity of flow between stations 358 
and 461 is much higher than between stations 475 and 598, so that 
the time of flow through the former stretch is much shorter than 
through the latter. For example, during the half month, October 1 
to 15, 1914, the mean time of flow from station 358 to station 461 
was 103.6 hours, corresponding to a mean velocity of 1.0 mile per 
hour. During the same period the mean velocity between stations 
475 and 598 was 0.26 mile per hour, and the time of flow was 470.7 
hours. This difference in low-water velocities results largely from 
differences in channel contour. Between stations 358 and 461 the 
channel is comparatively uniform and the wetted cross sectional 
area reduces regularly as the river stage is reduced, whereas, between 
stations 475 and 598 the low-water channel, especially in ‘the lower 
half of the stretch, from station 543 to station 598, is broad and flat, 
with numerous long, quiet pools. 

(2) The bacteria present in the river immediately below Cin- 
cinnati are very largely (in summer, from 90 to over 99 per cent) 
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those which have been recently added in the sewage from the Cin- 
cinnati metropolitan district. At station 358 the sewage of Ports- 
mouth, Ohio, the nearest sewered community above, is an almost 
negligible factor in the bacterial pollution, the major sources of 
sewage pollution being the sewered cities located at very consider- — 
able distances upstream, on the Ohio and the Scioto Rivers. 

: 


a 


(3) The concentration of bacteria, that is, the number per cubic 
centimeter, is very much greater in the zone below Cincinnati than 
at station 358, especially in low-river stages. Thus, during the 
41 months, June 1 to October 15, 1914, the mean agar count at 
station 358 was 1,420 per cubic centimeter, while at station 475, 
below Cincinnati, it was 233,000 per cubic centimeter. In winter, — 
and at high-river stages in other seasons, this difference is reduced; 
but at all seasons the pollution at station 475 is characteristically — 
higher than at station 358. q 

The observations made at stations 358 and 461, which are given in 
the basic tabulations of bacteriological data (Tables Nos. 84 and 85) 
in the form of monthly means, are shown in Table No. 129, regrouped 
according to gage heights on dates of sampling, with corresponding 








{ 
mean times of flow through the stretch. ‘ 
TaBLE No. 129.—Detailed summary of bacteriological. observations at stations 358 

and 461, grouped according to gage heights on dates of sampling | 

SUMMER MONTHS, APRIL 1 TO OCTOBER 15, 19141 

Gage height Bacteria per cubic centimeter 

Mean 
rear Gelatin counts Agar counts B. coli 
Range Mean see! ved FeseTitit. Lie DL 
461 Station | Station | Station | Station | Station | Station 

358 461 358 461 358 461 | 

GS teekt to ela 93 feet... -ci--0- 104. 3 652 321 | 1,098 613 18 9° 
34 feet..s-. Abii, - 3.6 feet... -.- 80.1} 1,131 868 | 1,908 971 19 18 
4-5 feet_ 253 225.- 4.3feet....-.-.- 72. 8 833 247} 1,211 316 23 6 

5G leet. 2iunbassshic 5.5feet:. 21-20. 69.0] 1,192 312| 1,622 472 34 3.6 

i A ed ore Rane 6.5feet_...21..- 60. 3 594 318 | 1,044 336 29 9 
FSteotic.i ot J <5. 7.5feet ..5... 2200 55.4 | 1,391 912| 1,524 953 55 14 
$-O feet. 5---b woes 5.7 {opt Ly a 51.5.| 1,164 792| 1,446] 2,556 39 34 
10-15 feet___....._-- 11.0 feet... .- 47.3 657 402 624 283 15 7 
20-25 feet..-...4.-.- 22. Peete . tat: 37.2] 2,193] 1,796| 1,438 334 33 22 
25-30 feet....-.-.._- 27.7 feet... -_- 35.0} 2,022] | 2,779 777 632 24 26 
30-35 feet........-.- 32.6 feet ._______- 34.4] 2,998] 3,886] 1,072] 1,031 | 28 16 
35 feet and over_..-} 42.1 feet 2-2. .- 33.5 | 10, 575 6, 433 1, 952 920 40 39 





WINTER MONTHS, JANUARY TO MARCH, 1914} 







Under 15 feet_.____- 13.9 feet... tis Ba AS ten 8 8 ipod pen 866 394 14 23 
15-20 feet_..._._.___ 17. RiGee 39. 9 8, 900 14, 560 606 542 13 22 
20-25 feet__._...-_-- 23.3feet2 2" 36.7} 10,280] 15, 830 1,170 847 23 23 
25-30 feet_..._..___- 26:7 feet. 35.3 | 13,970} 19, 440 1, 150 678 31 27 
30-35 feet_.___.-_.- 32:8 feetl22 2c 34.3] 16,980} 21,700 2, 320 1, 590 55 44 
Over 35 feet________ 398 feet. ccc. 33. 9 26, 800 29, 220 833 1, 060 37 10 


1 Observations at station 358 begun Jan. 1, 1914; discontinued Oct. 15, 1914. 


In the next table, No. 130, the same data are presented in more 
condensed form, having been summarized by throwing together 
the observations falling within somewhat broader ranges of gage 


t 
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height and time of flow. This table shows also the percentages 
which the bacteria observed at station 461 are of those observed 
during the corresponding period at station 358. 


TaBLeE No. 130.—Condensed summary of bacterial counts at stations 358 and 46 Gs 
grouped according to times of flow between stations, and showing percentages which 


the counts at station 461 are of those at station 358 


SUMMER MONTHS, APRIL 1 TO OCTOBER 15, 1914 


| 























Gelati ¢ . coli 
Puneet ow from elatin count Agar count B. coli 
station 358 to sta- 
tion 461 Station 461 Station 461 Station 461 
Station Station Station 
, A 358, 358, 
number er number Per number Per 
per cubic heed cent of |per cubic Be A cent of {per cubic Sahat cent of 
Range | Mean | centi- POS" countat} centi- |P centi- |Countat} centi- /Prr et’ count at 
meter moter ponies meter tater stele meter meter ee 
Hours Hours 
Over 70__--| 104.3 652 321 49. 2 1, 098 613 55. 8 18 9 50. 0 
eo. oe 80.1} 1,131 868 76.71 1,908 971 50. 9 19 18 94.7 
Dols 34 72. 8 833 247 29. 6 1, 211 316 26. 1 23 6 26. 1 
60-70_______ 64. 7 893 315 35.-3 1, 330 404 30. 3 32 6.3 19. 7 
50-60_______ 53. 5 1, 278 852 66. 7 1, 485 1, 755 118. 2 47 24 51.1 
40-50_______ 47, 3 657 402 61. 2 624 283 45.3 5 7 46. 7 
30-40_____.. 35. 0 4, 447 3, 724 83. 7 1, 320 770 58. 3 31 28 91.6 











; INTER MONTHS, JANUARY TO MARCH, INCLUSIVE, 1914 
I ee ee 
Hours Hours 


MEM A se a 866 394 45. 5 14 23 164 
Le 36.0] 15,390 | 20, 150 131 1, 220 943 77.6 32 25 79. 2 





As shown in the above table, the tendency is definitely toward a 
decrease in the bacterial count between stations 358 and 461. 
This is, however, quite irregular in its relation to times of flow, the 
most consistent and marked decreases taking place in the time 
intervals which are intermediate between the extremes. If the 
attempt be made to relate the ratios of decrease shown in this table 
to the corresponding times of flow, the data are found to be so ir- 
regular that no consistent quantitative relation can be established. 
Consequently, the phenomena of bacterial decrease in this stretch 
may be compared with those in the stretch between Cincinnati and 
Louisville only in a general way. 

In Table No. 131 and Figure 46 following, the percentages of bac- 
teria actually remaining at station 461 are compared with the per- 
centages which would haye remained at corresponding time intervals 
had the decrease from station 358 taken place at the rates obtaining 
for gelatin, agar, and B. coli groups, respectively, in the river imme- 
diately below the zone of maximum pollution at Cincinnati.” 





29 These percentages, which might, of course, be calculated from the formulae given in Table No. 125 
have actually been read off graphically from large-scale drawings of Figures 36, 37, and 38. 
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TasLtE No. 131.—Percentages which the observed counts at station 461 are of those 
at station 358, compared with percentages expected in corresponding time intervals 
by applying rates of decrease observed in the river stretch immediately below Cin- 
cinnati, summer months, April 1 to October 15, 1914 





Percentage of bacteria remaining at station 461 





Mean time of flow, station 358 to station 461 Gelatin count Agar count B. coli 


Observed| C2!CU- |Onservea| C2!Y- lobservea| Caleu- 


lated lated ~ lated... 
3510 hours 2). a.) dere 2h 4 4 eee ry 83. 7 29.5 58. 3 25. 0 91.6 21.0 
7 ABT Se FS on os Sie on eee en a 61. 2 19.3 45. 3 cat A 46. 7 1 VRE: 
63 5 hours. 4.232) read 2 ek = 66. 7 15:7 118. 2 12:5 54.1 9.4 
64.4 NODES... eee ke ee 35.3 10.8 30. 3 8.3 19. 7 5.9 
7228 hoursi screw Ss}: ee oe 29. 6 8.4 26. 1 6.2 26. 1 4.1 
80. Lavours. 2... et) SL SA 76. 7 Cee 50. 9 4.8 94. 7 3. 05 
OS AchOUTS <2. Wk eee 3 ee Pe 49. 2 308 55. 8 2920 50. 0 1.18 





It is obvious from this comparison that while a fairly consistent 
reduction in bacteria takes place between stations 358 and 461, the 
rates of decrease are radically different from those observed in the 
stretch immediately below Cincinnati. 

It has, however, already been noted that between Cincinnati and 
Louisville the bacterial decrease takes place not at a constant rate, 
but at a rate which progressively diminishes as the time increases, so 
that, in the agar count, for example, the percentage of decrease is 
(see Table No. 125): 

In the first 100 hours below the maximum, 97.435 per cent; 
In the second 100 hours below the maximum, 86.887 per cent; 
In the third 100 hours below the maximum, 66.989 per cent, etc. 

As the bacteria present in the Ohio River at station 358 are presum- 
ably derived chiefly from sources which are rather remote, both in 
distance and in time, it may well be supposed that their original 
initial rates of decrease have already been diminished by the time 
that they have reached Portsmouth. In such case the low rates of 
decrease observed between Portsmouth and Cincinnati may be con- 
sidered as corresponding to the rates of decrease obtaining, not in 
the upper, but in the lower part of the stretch between Cincinnati 
and Louisville. : 

If it were possible to formulate the relation between time and — 
bacterial decrease in the stretch between Portsmouth and Cincinnati, 
it would be of interest then to compare the curves with the lower 
segments of the curves of decrease between Cincinnati and Louisville; — 
but, as already stated, the observations between Portsmouth and — 
Cincinnati are not sufficiently regular to permit of any satisfactory — 
formulation. It was at first thought that a longer series of observa- — 
tions in this stretch might yield results of more uniformity; but — 
on further consideration this seems quite doubtful for several reasons, — 
namely: : 
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(1) Since the actual decrease between stations 358 and 461 is 
evidently not very great, the ordinary observational errors inherent 
in the methods applied would make the measurement of the differ- . 
ences much less precise than in a case where the actual differences 


are very great, as between 
Cincinnati and Louisville. 

(2) With a comparatively 
low bacterial count, tending 
to be reduced at a low rate, 
slight increments of pollution 
from the small communities 
situated on the river, or from 
intervening small tributaries, 
temporarily swollen by local 
rains, would have propor- 
tionately more effect in ob- 
scuring the influence of nat- 
ural purification than in the 
stretch between Cincinnati 
and Louisville. 

(3) It seems probable that 
the rate of purification be- 
tween stations 358 and 461 
may actually vary rather 
widely from month tomonth, 
according to the time of flow 
from upstream sources of 
pollution to station 358. 

On the whole observations 
in this stretch are, perhaps, 
not more irregular than is to 
be expected; and the fact that 
the rate of decrease is con- 
sistently and very greatly 
lower than in the stretch 
from Cincinnati to Louis- 
ville is consistent with the 
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Fic. 46.—Bacterial purification in Ohio River between 
Portsmouth and Cincinnaticompared with curves based 
on observations between Cincinnati and Louisville. 


Summer months: April-November. 

Points (0) indicate actual observations at Station 461, 
above Cincinnati, in relation to time of flow from 
Station 358, below Portsmouth. Curvesare reproduced 
from Figures 36, 37, and 38, respectively. 


general law which seems to apply in that stretch; namely, that bac- 
terial decrease proceeds at a rate which diminishes progressively 


as time from the source of pollution increases. 
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APPLICATION OF PURIFICATION CURVES TO ESTIMATING THE EXTENT 
OF NATURAL PURIFICATION BETWEEN GIVEN POINTS ON THE OHIO 
RIVER 


Any laws defining the rates of natural purification are of practical 
value if they may be applied to estimating, with reasonable precision, 
the effect of natural purification between a river section and the up- 
stream sources of pollution to which it is exposed. To be of general 
application the laws must needs be reduced to fundamental terms, 
and to be of greatest practical value the extent of purification should 
be related to other variables which can be readily determined without 
exhaustive investigation, as for example, season, temperature, dis- 
tance, velocity, and perhaps other physical characteristics of the 
streams. It has already been indicated that the curves of bacterial 
decrease derived from this study can not be considered truly funda- 
mental, but that they may, perhaps, be considered as representing 
average rates of change in the Ohio River and may possibly be of 
fairly general, even if empirical, application to this river system. 
They may be tested, in this respect, by applying them to estimating: 

(1) The purification taking place from month to month between 
Cincinnati and Louisville; and 

(2) The net purification taking place (a) between Cincinnati and 
all sewered cities upstream, and (b) between Louisville and all 
sewered cities upstream from that city. The reasonableness of the 
estimates may then be tested by comparison with data derived from 
observations, which in the case of (1) are partially and in (2) are 
entirely independent of those used in the estimates. 

Estimation of mean monthly counts at Louisville, gwen the actual 
counts at Cincinnati.—Granting that the curves of bacterial decrease 
which have been derived accurately describe the average rates of — 
decrease under average conditions obtaining during winter and sum-— 
mer periods, respectively, it does not necessarily follow that they | 
are applicable even to the river stretch between Cincinnati and 
Louisville under all conditions, even within the range included in the - 
processes of averaging. Still less does it follow that they are equally 
applicable throughout the entire range of physical conditions. It_ 
might readily happen, for instance, that differences in rates of decrease 
associated with differences in river stage or temperature have been 
obscured by the averaging processes. 

A test from this point of view may be made by comparing the 
mean counts actually observed from month to month at Louisville 
(station 598) with calculations based upon the observed counts ing 
the zone immediately below Cincinnati, and the actual mean times of ; 
flow through the stretch. As will be seen by reference to Table No. 5 
110 (p. 269), conditions as to both temperature and stream flow 
varied quite widely from month to month, the range of temperatures 
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_ being from 8.3 to 27.3° C., and of river stages from 2.8 to 32.7 feet; 


also that the combinations of stream flow and temperature are quite 


varied. 


Table No. 132 shows such a comparison with respect to agar counts 
at Station 598 during each of the months April to November, 


inclusive, in the three years 1914, 1915, and 1916. From the maxi- 
“mum count observed in each month below Cincinnati, whether at 


station 475, 482, 488, or 492, and the mean time of flow from, that 


section to station 598, the expected percentage remaining at the 
latter has been read off from a large-scale reproduction of Figure 36; 
and the expected count at station 598 has been calculated by applying 
this percentage to the observed count at the upper station.” 

TABLE No. 132.—Numbers of bacteria actually observed at station 598 (Louisville) 


compared with numbers calculated from observations at Cincinnati, by months, 
April to November, 1914, 1915, 19161 





Bacteria per centimeter 
Time of ;|}—————_—————————__| Diiffer- 


Origin, flow, a ence 
Month station | origin to | at origin At station 598 (a) —(b), 
No.! vents below |————-----—_- per pene 

ij 8 ] in. re) a 

Cincin- | (a) Cal- | () Ob- ) 

culated !| served 
os TSAR SE ae nee ¢ £5 5 57" 475 282.3 | 198, 000 307 124] +59. 61 
pnatete! SEER SCE OTN Deiat 475 235.1 262, 000 642 1, 250 —94. 70 
Uai dy Sh: 0 Se a Se ae eR 475 234.0 | 203, 000 507 700 —38. 07 
C0 Se ee ae eee ae ee 475 210.0} 170,000 547 506 +7, 50 
Noweutmer, 191GLE? 5 0 t.  see 482 185.0] 118, 700 522 800 —53. 26 
pembeg er, 19162202... S12. 2 sg cs. 475 196.5 | 151, 900 |. 577 800 —38. 65 
“hoe LE RSS BS: SSE Ueno ae ee Eo 475 197.1 | 147,000 559 203 | +63. 69 
0) StS aa a 475 166.0} 237, 000 1, 363 586 +57. 01 
Serpbet 1018 feces 200820001 OI 475 165.4 | 216, 100 1, 264 800} +36. 71 
OT INS Soh a aS ee 488| 1020] 78,400] 1,881 220} +8830 
POST ETT ELSE LSS i ae 482} 103.8] 97,350} 2239! 5,100| —197.78 
Se 475 107.0] 86,700] 1,820] 4100] —125.27 
September, 1915..........-..........---__- 488 95.4] 54,900} 1647] 288901 —74.86 
November: 1915,.....-:bs.-...-.---:------ 482 93.0) 88,700} 2.838] 3,360] —18.39 
Oo 3 ella LE Se 488 86.9] 58,400] 2248] 3,450] —53.46 
oS Te eae 492 82.4] 64,200] 2889| 2810| +273 
SSS po 482 78.8] 70,900| 3,615] 3,070] -+15.08 
ig I a ae 488 70.1; 35,900] 2.477| 3,990! —30.00 
se eld ci a heen 475 75.7] 57,300} 3,208} 4,500} + —40. 27 
ee 492 55.9| 37,600] 4,324] 2800] +365.25 
a 492 51.1{| 32,600] 4,499| 4,800 —6. 69 
ROMeTADIREEA Mis (ic) i. 2s---.-c-0s.- 492 47.6 | 39,500] 6,044] 2780| +54.00 
5) aos alain a aii aes aaa 492 36.5| 5,800) 1, 363 | 2,000 =46. 73 
en sree ete eo sr 25.-2 492 33.9 , : | Y 











—— 


__ 1 Calculations based on number of bacteria per cubic centimeter (agar count) observed at station show- 
ing maximum count, time of flow being reckoned from this origin. 


_ The agreement between calculated and observed values, as shown 
in the table, may be considered quite close, notwithstanding that the 
deviations in some instances are in excess of 100 per cent; for even in 
these cases the calculated and observed counts are of the same gen- 
eral order of magnitude. Considering that from month to month the 
actual monthly mean counts vary, at the origin, from 5,800 to 
262,000 per cubic centimeter and at station 598 from 124 to 5,100 
per cubic centimeter, closer agreement of the calculated results could 


hardly be expected. 


30 More precise values could ss derived by solving the equation given in Table No. 125 for the given 
time (x); but the simple graphical method is sufficiently accurate for present purposes. 
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Examination of the table shows further that the positive and nega- 
tive deviations between calculated and observed counts are of nearly 
though not precisely the same frequency (10 positive vs. 14 negative) ; 
that they approximate a normal distribution;** and that there is no 
tendency for the errors to be greater in the upper and lower portions 
of the table, which represent the extremes of variation in stream- 
flow, than in the middle section, which represents more nearly aver- 
age conditions. The standard deviation of the differences be- 
tween calculated and observed values is 60.9 per cent. The prob- 
able error is therefore +41 per cent, and 11 out of the 24 deviations 


actually fall within this range. It appears, therefore, that this 


curve is applicable to a rather wide range of stream-flow condi- 
tions, and that calculations based upon it may be expected to check 
reasonably with actual observations. 

The demonstration of such a definite relationship between the 
degree of pollution at Cincinnati and that at Louisville would seem 
to make it possible to forecast, with sufficient exactness for practical 
purposes, the effect which a given increase in the population of the 
Cincinnati metropolitan district will have upon the bacteriological 
quality of the Ohio River water at Louisville. This is in itself a 
matter of considerable importance in relation to plans for the future 
control of the sewage pollution in this stretch. 

Estimates of net ‘purification in river system above Cincinnati and 
Louisville, respectively.—The Ohio River at station 461, immediately 
above the city of Cincinnati, is exposed to direct sewage pollution 
from all sewered communities which discharge their sewage into the 
river or its tributaries above this section. The sewered population 
on the watershed above Cincinnati, as estimated from a careful sur- 
vey in 1915, was about 2,372,000, distributed, according to distance 
by river from Cincinnati, approximately as shown in Table No. 133, 
in which this population is grouped in 50-mile distance zones from 
station 461.” 

Taking the mid-point of each distance zone as the mean distance 
between the sewered communities of that zone and station 461, the 
corresponding mean times of flow from each zone to this station, as 
given in the same table, have been estimated for the months April to 
November, 1914, and for the corresponding period of 1915. For 
communities situated directly upon the Ohio, these estimates of 
time are fairly well based, having been carefully computed from the 
velocities corresponding to the mean of daily gauge heights actually 
recorded in successive prisms of the river during the two periods. 
But since no data are available as to velocities in the tributary 
streams, it has been assumed that they are the same as in the main 


stream. The time intervals are, therefore, necessarily quite rough — 


estimates. 





st. Mean deviation =0.84 
Standard deviation ~~ ° 


32 See also Table No. 48, p. 45. 


oe oo 
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. The percentages of sewage bacteria expected to survive after a 
time interval corresponding to the mean time of flow from each 
distance zone has been determined graphically from the curves 
shown in Figures 36, 37, and 38. By applying these percentages, 
the actual sewered population in that zone has been reduced to terms 
_ of “equivalent population” at station 461. For instance, in the 
_ distance zone 150-200 miles above Cincinnati the actual sewered 
} population as given in Table No. 133 is 244,700, and the mean time of 
flow during the months April to November, 1914, is estimated at 

115 hours. According to Figure 36 (based on Table No. 125) 
_ 2.45 per cent of the bacteria of the agar count group may be expected 
to survive after 115 hours. Therefore as regards bacterial pollution 
(agar count) at station 461, the actual sewered population of 244,700, 
at a distance of 115 hours, is equivalent to a population of 244, 
700 X 0.0245 = 5,995 discharging sewage into the river immediately 
above that section. 

The populations in the various distance zones, thus reduced to 
“equivalent populations” at station 461, with respect to the agar 
count, gelatin count, and B. coli groups of bacteria, are then summed 
up, giving the totals shown at the bottom of the table. 

A tabulation of the actual sewered population above Louisville, 
similarly reduced to terms of “equivalent population” discharging 
sewage immediately above that city, at’station 598, is shown in Table 
No. 134. It will be observed that the distribution of the actual 
sewered population above Louisville is quite different from the dis- 
tribution above Cincinnati, in that the sewered population within 
200 miles above Louisville is much in excess of that within the same 
distance above Cincinnati. 


aa 


Taste No. 133.—Summary of actual sewered population in successive distance 
zones above Cincinnati (station 461 ) and of calculated equivalent population 
with respect to bacterial pollution at station 461, April-November, 1914 and 1916 





| Estimated Equivalents of sewered population discharging 
































mean time of | sewage into river immediately above station 
Actual flow in hours to] 461 as calculated in terms of— 
Zones, distance above sewered Station 461, 
station 461 population | April-Novem- 
(1915) ber Gelatin count Agar count B. coli 
1914 1915 1914 1915 1914 1915 1914 1915 

emer 
 @ 50miles_______.____ 1,900} 14 11] 1,160} 1,270] 1,090| 1,220 990] 1,140 
Bring rifles Ae sald a 7, 100 42 34 1,600 | 2,170] 1,340 1,870} 1,060 1, 570 
100-150 miles_____.___-_- 32, 300 76 59} 2,450] 4,170] 1,820} 3,300] 1,180] 2 360 
150-200 miles___.._______ 244, 700 115 88 | 6,000 | 12,970] 4,090 9,300] 2,000] 5,630 
200-250 miles___.________ 41, 300 156 116 410 970 280 670 124 326 
250-300 miles____________ 63, 200 196 145 320 780 240 530 114 234 
300-350 miles... 32, 200 236 174 100 235 78 164 43 74 
350-400 miles___.__.__ 140, 100 285 212 260 570 207 436 138 217 
400-450 miles________ 131, 100 341 252 145 350 115 271 97 160 
450-500 miles____________ 1, 186, 400 396 286 770 | 2,220 611 | 1,760 640 1, 210 
500-550 miles___.________ 153, 900 446 317 62 215 50 169 63 129 
550-600 miles____________ 149, 400 489 341 40 164 32 131 49 111 
600-650 miles__.._.___ 2. 80, 000 532 365 14 70 ll 55 20 51 
650-700 miles__.___...._- 62, 000 575 389 7 43 6 34 |, 12 35 
700-750 miles_____.______ 38, 100 618 413 3 21 2 | 17 6 19 
750-800 miles_____.-____- 9, 000 651 437 1 4 0 3 1 4 





1! Total in round numbers. 
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TasLye No. 134.—Summary ‘of actual sewered population in successive distance 
zones above Lowisville (station 598) and of calculated equivalent population with 
respect to bacterial pollution at station 598, April to November, inclusive, 1914 
and 1915 : 


Bstishated Equivalents of sewered population discharging 


Actual : sewage into river immediately above, as calcu- 
Zones, distance above sewered flow to station _ dated Tp terms QE Ca Oe a a 
station 598 sti NE 598 (hours) | Gelatin count | Agar count B. coli 

1914 1915 1914 1915 1914 1915 1914 1915 
0- 50 miles. ..-2-2-2.-- 800 25 24 332 344 300 312 260 276 
60-100 miles.- us. 200 71 61 18 25 13 19 9 14 
100-150 miles. __---.- 2... 532, 000 112 91 | 14,100 | 25,800 | 9,630 | 18,190 | 4,840] 10,640 
150-200 miles __---._.-... 121, 800 147 117 | 1,420] 2,840 974 | 1,950 428 938 
200-250 miles - _--.--.-.-- 70, 700 176 140 502 962 354 658 159 293 
290-300 miles ._ = -2--__._. 51, 200 210 165 220 430 165 297 82 133 
300-350 miles - _--.-...._- 20, 400 251 194 55 106 43 | - 80 25 37 
350-400 miles ___.-.-.-.-- 245, 400 291 223 440 896 361 707 238 358 
400-450 miles _ ___.-..._-- 72, 100 332 252 86 186 67 145 54 86 
450-500 miles ......-.-._- 26, 600 372 281 22 52 17 39 16 27 
500-550 miles _-__....---- 138, 400 421 319 71 190 57 149 65 115 
550-600 miles - ___---.-.-- 774, 000 477 358 232 720 188 573 271 511 
600-650 miles ___----.-_.- 604, 100 532 393 105 405 94 320 154 332 
B50 700 msl eg ee Me 106, 900 582 424 12 53 10 43 21 49 
700-750 miles _ __-_--.---- 162, 200 625 448 12 64 10 52. 25 66 
750-800 miles... ...=.-..- 63, 400 668 472 3 20 3 16 8 21 
800-850 miles ._-..--.-.-- 83, 900 711 | ‘ 496 3 21 2 17 8 26 
850-900 miles. __.--._-_-- 9, 754 520 0 2 0 2 I : 
go) helt a aes DB, Use, Hilo cee acnennd 17, 600 | 33, 100 | 12,300 | 23,600 | 6,660 | 13,900 


1 Totals in round numbers. 


It is impossible to check these estimates of ‘‘ equivalent population” 
in any precise way, but their reasonableness may be tested by com- 
paring them with estimates made by a different method and using 
independent data. 

It has been shown (see ‘Tables Nos. 100, 101, and 102 and adjacent 
text) that the total number of bacteria added to the Ohio River 
in its passage past Cincinnati, when expressed in quantity units 
(bacteria per cubic centimeter x discharge in second-feet + 1,000) 
was fairly constant during corresponding seasonal periods of the 
three years 1914, 1915, and 1916. The averages for the months 
April to November, inclusive, for the three-year period were, in 


terms of: 
Quantity units 


(#y sgelabins;countsx buses Cart Pe cn eed 2, 948, 000 
Agar count_____._.__- ae bbs SUE gw | Seer 3, 458, 000 
B, eoliuciv: Cupstuwlisltnl a eeen ee doles 94, 400 


The sewered population of the Cincinnati metropolitan district 
being about 494,300, these totals correspond to the following quan- : 


tities per thousand of sewered population: 
quan ee units 
, ; per 1,000 
(2) Gelatin count dee oOTu et UPS) PRES 1OGt ao ee 6, 037 


As these values correspond in a general way with those derived 
from observations at Louisville during the year 1914, they may be 
taken, in the absence of better evidence, as representing the average 
ratios of sewage bacteria to contributing ‘sewered population. 


a 





zi. 

fe 

33 These figures have since been checked with similarly calculated values for the Chicago sanitary a 
trict and found to be in substantial agreement. q 
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Multiplying the mean counts actually observed each month at 
stations 461 and 598, respectively (See Table No. 84), by the cor- 
responding mean discharges, and averaging the products, it is found 
that the mean quantities of bacteria carried by the river at these 
sections for the months April to November, inclusive, were: 


. 
(3) 
1 ee Nr TR eRe aan rac eR 


(bacteria per 
cubie centimeter 
Xdischarge in 
4 second-feet+ 





1,000 
1914 1915 
Sear a ROSES OE 
Station 461: 
a ey Se ee AE 8 tecorey Meee aE 179, 650 254, 800 
yaaa SEES SLE LERRS EAS EE SEU BEN IRE RENNES TOTEM ERE Ly 38, 000 124, 700 
SE EY SAAR SERED elo ear a ein 1, 260 3, 930 
Station 598: ? 
ET 9 RR am Uta ir ee date Ee ay 8 212, 830 309, 870 
Agar ng 2 TEST Sa ce RUM ROE NRE eT yer 180, 770 232, 840 
Seemann ce.) sete ikl Oa TE ee 6, 190 4, 460 


From these data, and those given above, calculations have been 
made of the sewered populations that would have been required to 
contribute the quantities of bacteria actually observed at stations 
461 and 598, assuming that their sewage was discharged immediately 
above these sections, and that the river was subject to no pollution 
from other sources. The estimates thus made are compared, in Table 
No. 135, with those previously made by the method shown in Tables 
Nos. 133 and 134. 


Taste No. 135.—Bacterial pollution of the Ohio River immediately above Cin- 
cinnati (station 461) and Louisville (station 598), respectively, expressed in terms 
of equivalents in sewered population discharging sewage into the river immedi- 
ately above ; 


As estimated independently by two methods, namely: 

(A) From theoretical rates of bacterial decrease, applied to actual sewered populations on watershed 
above each city, in accordance with estimated mean times of flow. 

(B) From mean bacterial counts and discharge of river as actually observed at stations 461 and 598, re- 
spectively, during periods designated. 

[Estimates are means for the months April to November, inclusive, 1914 and 1915] 


SS 


Equivalents of sewered popu- 
lation 





























Bacteriological determination used as basis for estimate z ‘Atatation. 461, lod distation! seas 
(A) (B) (A) (B) 
Gelatin count ae ce NRE at 13,300 | 29,800 | 17,600} 35, 300 
ae Nab anes aE SAO RE REEE MTD L 9,970 | 5,430 | 12°300 | 28° 300 
RS ES a a ea sh ta ln 6, 540| 6,590] 6, 660 | 132° 400 
ie a ae ent? Agee SSR ET AL ee a RRO FUR C 9,936 | 13,940 | 12,187] 31,167 
‘Gelati RUN Sane Sree they GREEN 26, 200 | 42, 200 | 33, 100 | 51,300 
SEAT ERES pa wel SERINE NE CET CMBR ETT 19° 900 | 17,800 | 33, 600 | 33° 260 
a aa RII SSR 2 RG ee ean 13, 300 | 20, 600 | 13, 900 23, 300 
ME tten Sem Pah or ae ap a ag a Sheen tek ka gn ae A 19, 800 | 26, 867 | 23, 533 | 35, 967 








! This figure is very largely influenced by the observations in one month, April, 1914, when the highest 
discharge of the year coincided with a high B. coli count, which, in turn, resulted from exceptional results 
on two days. A more representative mean value would be about 15,000. 


95404°—247 23 
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When the estimates made by the two methods are compared 
item by item, the result by method (B) is found, in several instances 
to be about twice as great as by method (A); and in one instance 
the result by method (B) is nearly five times that indicated by 
method (A). Nevertheless, considering that the “equivalent popu- 
lations” shown in the table are the residuals of actual populations, 
amounting to 2,372,000 above Cincinnati, and 3,083,000 above 
Louisville, and that these populations are distributed in a complex 
manner, at distances ranging from less than 25 miles to more than 
800 miles above these cities, the substantial agreement between the 
two methods is far more striking than any discrepancies in detail. 
This is shown better when the method of expression is inverted, to 
show the percentage reduction in bacterial pollution attributable to 
the agencies of natural purification, as in the followimg summary: 


TaBLp No. 186.—Percentage reduction in bacterial pollution at station 461, above 
Cincinnati, and station 598, above Lowisville, attributable to agencies of natural 
purification 


Comparison of estimates by methods (A) and (B), as in Table No. 135. 
Caiculations based on means of estimates in terms of gelatin counts, agar counts, and B. coli. 
Months, April to November, inclusive, 1914 and 1915. 





— = ——— SS ee a —— — << — — $s 


Percentage reduction 


Y cos At station 461 At station 598 


Method | Method | Method | Method 
(A) (B) (A) (B) 

















LOMAS a 5S. USE SG Be aS Se eee +) Se 99. 58 99, 41 99. 6 98. 99 
LONG o ss pe sence, SA} ie Bone sed. SSS Oe Pe ee 99. 16 98. 87 99. 24 98. 83 


As shown by this table, the bacterial reduction ranges from 98.83 
to 99.60 per cent; and the greatest difference between results by the 
two methods in any instance is 0.61 per cent. It seems safe to con- 
clude, then, that when applied to estimating the net purification 
taking place in all stretches of the Ohio River above Cincinnati or 
Louisville, the formuls describing rates of bacterial decrease give 
results which are entirely reasonable, and quite in accordance with 
all the facts available as to the actual pollution of the river. 

In view of the fact that the formule which have been used are 
obviously not in fundamental form, it would hardly be expected that 
they would be applicable at all to even a crude measurement of such 
complex phenomena as the purification taking place between a given 
point on the river and all the scattered sources of sewage pollution 
upstream. However, the agreement between the calculations thus 
made and the observed bacterial pollution at Cincinnati and Louis- — 
ville is not merely accidental, as indicated by the fact that the ~ 
agreement holds at two different sections, stations 461 and 598, and 
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in two separate periods characterized by quite different conditions 

of stream flow. Also it has been found, by additional calculations 

which are not reproduced here, that estimates applied to briefer _ 
_ periods representing, respectively, lower and higher mean river 
_ stages, give results which are still in reasonable conformity to the 
_ observed pollution at stations 461 and 598. 

The explanation suggested is that the rates of bacterial decrease 

in different stretches of the river system actually do vary, being 

_ perhaps higher than indicated by these formule in such very highly 
polluted zones as are found in small tributaries which receive the 
sewage of fairly large cities; and lower in the less polluted zones in 
large streams immediately below the sewer outlets of small com- 
munities. It would appear, however, that the rates of decrease 
applied uniformly in these calculations are representative average 
rates; so that errors of calculation for individual stretches tend to be 

| compensating, giving results which are approximately correct when 
many separate estimates are summed up, as in Tables Nos. 133 and 
134, though the calculations for individual distance-zones may be 
greatly in error. 

Any detailed analysis of the figures given in Table No. 135 is of 
doubtful value; but it may be of interest, to note certain tendencies, 
which are at least suggestive. The two methods (A) and (B) which 
have been applied to estimating ‘‘equivalent populations” at Cin- 
cinnati and Louisville are consistent in indicating that the pollution, 
whether measured in terms of the gelatin count, agar count or B. 
colt is higher (with one exception) at Louisville than at Cincinnati, 
and higher at both stations in 1915 than in 1914. In general, the 
pollution, as actually observed (method B) at stations 461 and 598, 
is greater than is indicated by the process of ‘‘stepping down” the 
actual sewered population. This might be expected on two grounds, 
namely: 

(1) The estimates made by method (A) take no account of bacteria 

_ derived from sources other than urban sewage. While evidence 
has already been given (Table No. 99) that the bacteria found in the 
Ohio River immediately below large cities consist chiefly of those 
recently added in sewage, it does not follow that this ratio holds in. 
‘more distant zones, or that the bacterial pollution from surface 
drainage is negligible. ) 
(2) It has already been noted that the actual rates of bacterial 
' purification at times beyond about 300 hours are probably less than 
indicated by the formuls which are used. | 
Estimates of natural purification in winter months.—Applying the 
_ curves shown in Figure 43, representing more or less hypothetically, 
_ the rates of decrease in the gelatin count, agar count, and B. colt 
groups in winter, estimates of net bacterial purification above Cin- 
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cinnati and Louisiville during the winter months, January, Febru- 


ary, March, and December, 1914 and 1915, have been made by the 


same methods applied to similar estimates for the summer period. 
The results are shown in Tables Nos. 137 and 138. These estimates 
are then compared ‘with estimates based upon actual bacterial 
counts and discharge during these periods as shown in Table No. 
139, which corresponds to Table No. 135. 

TasLE No. 137.—Summary of actual sewered population in successive distance 


zones above Cincinnati (station 461) and of calculated equivalent population with 
respect to bacterial pollution at station 461, winter months, December to March 


Estimated | Equivalents of sewered population discharging 
mean time| Sewage into river immediately above station 461 


of flow as calculated in terms of— 
securea | in hours 
Zones distance above 461 popula- fo statin 
; ec., E : 
tion, 1915 Jan., Mar. Gelatin count Agar count B. Coli 
1914 | 1915 1914 1915 1914 1915 1914 1915 

0-50 miles 2:4 Sk .. 220 1, 900 10 9 1, 600 1, 600 1, 560 1,560] 1,200 if 
50-100 miles___..------_- 7, 100 28 27 4, 330 4, 400 3, 820 3,850} 1, 880 1, 920 
100-150 mitlese 222 Lele 32, 300 47 45 | 15,200} 15,500} 14,000} 14,500] 3,650 4, 520 
150-200 miles. _-.-.-_-_- 244, 700 67 63 | 90,500} 94,400; 88,200] 88,100 | 18,800} 21, 300 
200-250 miles. =. 222-2222 41, 300 88 82] 12,400] 13,200] 11,600} 12,200] 2,270 2, 480 
250-300 miles . ..su2.-- 4 63, 200} 108} 100; 16,000] 17,060] 15,200} 16,100} 2,720 2, 970 
300-350 miles ._...-_----- 32, 200 | 128; 118 6, 990 7, 500 6, 700 7,150} 1,160 1, 260 
350-400 miles ___-...-.--- 140,100 | 149] 188} 26,000|] 28,100} 25,900} 27,400} 4,110 4, 490 
400-450 miles... -.-_-_-- 131,100} 171} 158} 22,300} 23,600| 22,200} 23,600] 3, 280 3, 670 
450-500 miles__._..._..--- 1, 186, 400 | 192] 177 | 183, 900 | 193, 000 | 186, 000 | 197, 000 | 26, 100 , 000 
500-550 miles____--.--.-- 153, 900 | 211} 194] 22,600] 28,500} 22,800] 28,900} 3,000 3, 230 
550-600 miles____...-..-- 149, 400 | 229] 210] 20,900| 22,400} 21,100} 22,100] 2,660 2,910 
600-650 miles ____--_-_._- 80,000 | 246] 225); 10,900; 11,400} 11,000{ 11,400} 1,300 1, 440 
650-700 miles___._..---.- 62,000} 263) 241 8, 180 8, 490 8, 310 8, 490 949 1, 040 
700-750 miles ____._- nef 38,100} 280} 256 4,910 5, 070 4, 880 5, 140 549 598 
750-800 miles__...-..---- 9,000 | 297} 272 1, 130 1, 170 1, 110 1,170 123 135 

Ue ese tele A 372, WO Veece dle ee 447, 840 | 470, 390 | 439, 380 | 463, 660 | 73,751 | 81, 663 


TaBLE No. 138.—Summary of actual sewered population in successive distance 
zones above station 598 and of calculated equivalent population with respect to 
bacterial pollution at station 598, winter months, December to March 





Estimate of 
mean time | Equivalents of sewered population discharging sewage 
Actual ‘< flow bs _ into river immediately above station 598 
Zone distance above sewered Fae pee 508 
station 598 population, D J Lhe te BS TAL OES 
1 915 ec “> an "9 F - 
Mar. Gelatin count Agar count B. coli 

1914 | 1915 1914 1915 1914 1915 1914 1915 
0-50 miles... SLY | 800 12 10 640 656 616 640 432 472 
50-100 miles. _-_...--__. 112 40 47 
100-150 miles-_---.-.... 223,000 | 54,800} 63, 300 
150-200 miles - 2 ee Ee 40, 800 8, 160 9,010 
200-250 miles__-_......- 40, 800 3, 600 3; 
250-300 miles_--.......- 12, 500 2, 120 2, 
800-350 miles... = t2eu_ 22 4, 410 697 
350-400 miles__-__.____. 47, 600 7, 090 7, 
400-450 miles__.....-_.- 12; 1, 740 ie 
450-500 miles__-...____. 4, 390 572 
500-550 miles_- -......- 20, 300 2, 630 2; 
550-600 miles.........-. 113,000 | 13,200] 14, 
600-650 miles _ oo wa eS 84, 9,480 | 10, 
650-700 miles _--.....--- 14, 400 1, 560 1, 710 
700-750 miles € ALES 21, 200 2, 240 2, 480 
750-800 miles_....._._.- 7, 990 836 900 
800-850 miles___.______- 10, 200 1, 060 1, 130 
850-900 miles. __....___- 1, 070 109 117. 

Total, miles 1___:_ 3, 083, 100 639, 000 | 110,000 | 124, 000 








1'Totals in round numbers. 
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TaBLe N 0. 1389.—Bacterial pollution of the Ohio River immediately above Cincinnati 
(station 461) and Louisville (station 598), respectively, expressed in terms of 


- eteapbald im sewered population discharging sewage into the river immediately 
above 


[As estimated independently by two methods, namely: 
(A) From theoretical rates of bacterial decrease, applied to actual sewered populations on watershed above 
each city, in accordance with estimated mean times of flow. 


(B) her 2 ein counts and discharge of river at stations 461 and 598, respectively, during periods 
esignated. 


Estimates are means for the months December, January, February and March, 1914 and 1915,] 











| 














i | Equivalents of sewered population— 
: : “ . . rat “ a aare 7 . Ac e - 5 a eee 
Bacteriological determination used as basis for estimate At station461 At station 598 
. (A) (B) (A) (B) 
1914 
RUC eS ae 448,000 | 2,460,000 | 629, 000 3, 940, 000 
Agar ES” 0 RSs ne 5 Sees ae ee ee 2 -| 439, 000 309, 000 | 605, 000 | © 1, 520, 000 
eee Ge eS 73, 800 80, 700 | 110, 000 182, 000 
thee RCPS ETE Tl a Oe rea a 320, 300 949,900 | 448, 000 1, 880, 700 
1915 ’ 
Reem mee St sig hei te he nee dy Ce leet 2 470,000 | 1,640,000 | 662, 000 3, 000, 000 
I Se eae Ue 8 ee me 464, 000 760, 000 | 689, 000 1, 110, 000 
>, ona 25) 3 a es See Rie a ieee Ge Te 2a 81, 700 128, 000 124, 000 155, 000 
ee Per Se eee re TY eee we eighet en, f 338, 600 842,700 | 475, 000 1, 421, 700 





The estimates made by the two methods show distinctly wider 
divergences than in the case of similar estimates for the summer 
months. Considering means derived from gelatin counts, agar counts, 
and B, coli, the bacterial pollution observed at stations 461 and 598 
1s from 2.4 to 4.2 times as great as is indicated by applying rates of 
decrease to actual sewered populations. This would seem to indicate 
either that the rates of purification applied are too high or that a 
large proportion of the bacteria present are from sources other than 
urban sewage. Or it may be that both of these explanations apply 
in some degree.” In view of the fact that all the bacteriological 
observations made in the winter months show marked irregularities, 
and are more or less unsatisfactory, closer agreement than shown was 
hardly to be expected. It may be noted, however, that all the esti- 
mates made in terms of B. coli are in fairly close agreement, which 
suggests that even in winter, the B. coli found in the river may be 
derived largely from urban sewage; also that the curve describing the 
rate of decrease in B. coli may be more reliable than the curves based 
on gelatin and agar counts. . : 

The evidence of these tables confirms the conclusion previously 
drawn from, analysis of observations in winter, namely, that the rates 
of bacterial purification during winter months are much reduced as 
compared with the rates during spring, summer, and autumn. How- 
ever, when it is considered that the run-off from the watershed is 
greatly increased during the winter, presumably adding to the river 
a much larger proportion of bacteria from sources other than urban 
sewage, it is not safe to conclude, even in the case of the gelatin count 
group, that the agencies of natural purification are inactive, or that 
their influence is in any sense negligble. 


APPENDIX 


METHODS EMPLOYED IN THE COLLECTION AND EXAMINATION 
OF SAMPLES 


COLLECTION OF SAMPLES 


Samples for bacteriological examination were collected in wide-mouthed glass- 
stoppered bottles of about 150 ¢c. c. capacity, sterilized by dry heat, after being 
wrapped in heavy paper, with a tin-foil cap over the stopper and mouth. During 
the first three months of study, from January 1 to April 1, 1914, the bacterio- 
logical samples were taken from just below the surface by plunging an open bottle 
into the stream to a depth of about 2 feet. Subsequently the bacteriological 
samples were all taken at mid-depth, using various types of apparatus which per- 
mitted the sample bottle to be opened at the desired depth. 

Samples for determination of dissolved oxygen were collected in bottles of 250 
c. c. capacity, with well-ground, accurately fitting glass stoppers. The collector 
used was so designed that the sample bottle received a volume of water equal to 
three times its capacity, thus completely replacing the first volume received, 
which would be in contact with the air contained in the. bottle. These samples 
were always collected in duplicate, to provide one sample for immediate titration 
and another for incubation to determine the oxygen loss. They were always 
taken at mid-depth, the collector being so constructed that no inflow took place 
until a stopcock had been opened, by pulling on a control line after the collector 
had been lowered to the desired depth. 

Samples for sanitary analysis were collected in glass-stoppgred bottles of 2,000 
c. c. capacity, carefully cleaned but not sterilized. 

The small portions needed for making up monthly composites for mineral 
analysis and for daily determinations of turbidity and alkalinity were ordi- 
narily taken from the bacteriological sample bottles after the bacteriological ex- 
aminations had been made. ‘ 

Great care was exercised in the selection and instruction of the personnel to 
whom the collection of samples was entrusted, and there is reason to believe 
that all collections were made with unusual care and conscientiousness. 


LABORATORY METHODS 


All laboratory procedures followed in making physical, chemical and bacterio- 
logical examinations were based upon the standard methods prescribed by the 
laboratory section of the American Public Health Association.1 However, as to 
certain tests, alternative procedures are given in the above-cited standard refer- 
ence; and as to others the procedure actually followed in this study differed more 
or less from the prescribed standard. Consequently, it seems desirable, as a 
record fér future reference, to identify the procedure used in each determination 
by reference to the Standard Methods, and by noting all departures therefrom. 


1 Standard Methods for the Examination of Water and Sewage, Am. Pub. Health Assoc., New York, 
2d ed., 1912. Allreference to ‘Standard Methods”’ refer to this edition unless otherwise stated. 
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PHYSICAL EXAMINATION 


Turbidity.—For samples of low turbidity (less than about 25), comparison with 
silica standards in Nessler tubes. For samples of higher turbidity, a candle 
turbidimeter was used, each instrument having been carefully calibrated against 
standard silica suspensions. Both procedures in accordance with Standard 
Methods. . , 

Color and odor.—Not determined. 


SANITARY CHEMICAL ANALYSIS 


1. Nitrogen as free ammonia.—By distillation method, using permanent 
standards for comparison, as prescribed in Standard Methods. 

2. Nitrogen as albuminoid ammonia.—As prescribed in Standard Methods. 
Determination discontinued August 31, 1914. 

3. Total organic nitrogen (including free ammonia).—A sample of 250 ec. c. was 
digested with 4c. c. of concentrated H.SO, until the digestate was colorless. A 
crystal of KMnO, was then added, and after this was taken up 250 c. c. of 
redistilled water was added. The whole was then made alkaline with NaOH, 
and 150 c. c. distilled over. After mixing, 25 c. c. of the distillate was diluted 
to 50.c. ec. and Nesslerized. With each set of samples a blank determination was 
made under exactly similar conditions. The reading from the blank was recorded 
and subtracted from that for each sample to give the final corrected result. 

After July 1, 1915, direct Nesslerization of the digestate was employed, a blank 
determination being made with each set of samples. 

4. Nitrogen as nitrate-—Procedure as described in Standard Methods, using 
permanent fuchsine standards, but modified in that turbid samples were clarified 
by adding 2 c. c. of a 10 per cent solution of aluminium sulfate and 5 drops of a 
10 per cent solution of potassium hydrate to about 400 c. c. of the sample, after 
which 100 c. c. of the clarified sample was withdrawn with a pipette for testing. 

5. Nitrogen as nitrate—Phenolsulphonic acid method, as described in Standard 
Methods 

6. Oxygen consumed.—Procedure as presented in Standard Methods; digestion 
in steam bath for 30 minutes. To each sample, before digestion, was added 
an amount of distilled water equal to the amount. used in the blank determi- 
nation. 

7. Dissolved oxygen.—Determined by the Winkler method, as described in 
Standard Methods, the only modifications being (a) the addition of 1 c. ¢. of 
concentrated sulfuric acid instead of 2 ¢. ¢. of a 1:1 dilution for the titration of 
iodine; and (b) taking 100 c. c. of the contents of the sample bottle for titration 
after addition of the reagents. 

8. Biochemical oxygen demand.—At the time when these studies were in progress 
the determination of biochemical oxygen demand was not included in Standard 
Methods, and the procedure followed therefore requires some explanation, though 
it was substantially in accordance with that deseribed in the Standard Methods 
of 1923 (‘dilution method,” pp. 76-78). 

Samples for this determination were collected in duplicate. The dissolved 
exygen content of one sample was determined immediately. The duplicate 
sample, tightly sealed, was incubated for 24 hours at 20° C., after which its con- 


— tent of dissolved oxygen was determined. The difference—that is, the loss of 





oxygen on incubation, which is called the ‘24-hour demand ’’—is taken to represent 
a fairly constant fraction (about 20.5 per cent) of the “total oxygen demand,’’ 
which would be satisfied usually in about 20 days at 20° C. 
In the samples examined, from the Ohio River and its tributaries, the dis- 
solved oxygen initially present was almost invariably sufficient to leave a reserve 
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of oxygen after 24 hours’ incubation; hence it was not necessary to dilute the 
samples or to add sodium nitrate. 

When samples were collected at temperatures below 20° C., it was necessary 
to take special precautions to avoid error due to release of oxygen at the higher 
(20°) temperature of incubation. The device adopted was as follows: The glass 
stopper in the bottle to be incubated was removed and replaced with a stopper 
made of a short length (about 6 inches) of glass tubing, with a collar of heavy 
rubber tubing of such size as to fit closely into the mouth of the bottle. Thus, 
the glass tube projected into the bottle, and extended 2 inches or more above 
the mouth. A small surface of water—the area of a cross-section of the glass 
tube—was consequently exposed to the air, but this was so small as to be negligible. 
Any air released during incubation, rising to the highest portion of the bottle 
or collecting in small bubbles adhering to the sides, was retained. 

At the completion of the 24-hour incubation period the bottle was removed 
from the incubator, care being taken to avoid jarring. The -water in the tube 
generally stood a little above the top of the bottle. Where air bubbles had col- 
lected on the inside of the tube within the bottle, the tube was flooded with tap 
water, the finger placed tightly over the top of the tube to avoid entrance of air, 
the bottle inverted, and gently tapped against the edge of the workbench. This 
detached such air bubbles as were adhering to the sides of the tube and allowed 
them to rise and collect with the remainder of the air in the bottle. The bottle 
was then turned upright again, and about the same amount of water as had been 
added was ‘‘flipped”’ out. 

Grasping the rubber collar tightly with the thumb and forefinger of one hand 
the large tube was carefully drawn up until the greater part of its length pro- 
jected above the mouth of the bottle, great pains being taken not to break the 


tight joint between the rubber collar and the bottle. The joint between the © 


rubber collar and the tube was loose enough for the latter to slide readily without 
loss of air. The tube, in this position, had capacity sufficient to avoid any loss 
of liquid during the addition of the reagents. A small pipette carrying the 
MnS0O, solution was then introduced through the tube into the bottle, delivery 
being made first at a point near the bottom and a few drops finally at the top to 
catch any oxygen still inside the tube. Then 2c. c. of KOH—-KI reagent was 
added; first a few drops near the top, to react with the liquid inside the tube, 
and the rest well toward mid-depth. 

After the addition of the reagents the long tube was again pushed down into 
the bottle until the liquid just overflowed the top. The top of the tube was 
covered tightly with the finger, in such way as to prevent the entrance of any air, 
and the bottle well shaken to bring the entrapped air into intimate contact with 
the reagents. The bottle was then allowed to stand five minutes to settle, after 
which the agitation was again repeated but in such way as to produce a swirling 
motion. This was followed by a second settling period of five minutes, the 
precipitate, excepting small amounts which might have remained inside the 
tube, collecting in the bottom of the bottle. 

Again drawing the tube upward, 1 ¢. c. of concentrated H,SO, was added 
through the tube, the point of delivery being near the top, to allow for dissolving 
any manganic hydrate which might have adhered to the inner walls of the tube. 

Without disturbing the bottle contents the tube stopper was carefully with- 
drawn and the glass stopper replaced. When this was correctly done the liquid 
displaced by the glass stopper was not sufficient to introduce any appreciable 
error into the results. . 

After the glass stopper had been replaced the contents of the. bottle were 
thoroughly mixed and 100 ¢. ¢c. withdrawn for titration with Na,S,03. Since 
there was no loss of liquid during the addition of the reagents, no correction for 
the reagents was applied. 
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MINERAL ANALYSIS 


1. Residue on evaporation (total, volatile, and fixed) —As prescribed in Standard 
Methods. 

2. Total hardness—Determined until July 1, 1914, by the ‘‘soap method”’; 
after July 1, 1914, by the soda-reagent Fretted. both procedures in Ws Nd: 
with Bisndard Methods. 

3. Alkalinity—Procedure with methyl orange as described in Standard Meth- 
ods, 1923, page 37. The use of methyl orange as an indicator was not recom- 
mended in the Standard Methods of 1912, but was adopted in this study because 
this indicator appeared to be more batistnctory than erythrosine or lacmoid in the 
examination of the turbid waters encountered. 

Additional determinations, using phenolphithalein as the indicator (in the cold) 
were made in the examination of samples from the upper Ohio and from some of 
the tributaries. Standard Methods, 1912. 

4. Acidity.—Tests were made as prescribed in Standard Methods, titrating with 
N/50 sodium carbonate solution in the presence of (a) methyl orange, (b) phe- 
nolphthalein cold, and (c) phenolphthalein at boiling temperature. 

5. Noncarbonate (incrustant) hardness.—Calculated as the difference between 


~ total hardness and alkalinity, as allowed by Standard Methods. 


6. Chlorine as chlorides.—Procedure as in Standard Methods. Concentration 
of the samples was not found necessary. | 
7. Sulfates—The method employed for this determination, which was designed 


' to be arapid estimation rather than a refined analytical determination, was a mod- 


ification of a turbidimetric method outlined by Jackson,? and by Muer,? for the 
estimation of sulphur in coal. In this method, 100 c. c. of the water was first 
acidified with 1 c. c. of 1:1 hydrochloric acid, followed by addition of 5c. c. of a 10 
per cent barium chloride solution. This was allowed to remain (occasionally 
mixing carefully with a glass stirring rod), for three minutes, after which the tur- 
bidity was read with the candle turbidimeter. The amount of sulfates present 
(as SO,) was then read from a calibration curve obtained with known amounts of 
Na,SO,. When the sample of water examined was turbid, it was first filtered 
through fine filter paper. If any turbidity remained in the filtrate, its amount _ 
was determined with the turbidimeter, and the same filtrate was then used for the 
sulfate estimation. The final reading was then corrected for the initial turbidity 
of the filtrate. 

8. Calcium (Ca).—The method used for this determination was substantially 
that which has been outlined by Hale. One hundred ¢. c. of the water was acidi- 
fied with acetic acid, heated to boiling, and 5 c. c. of a saturated solution of 
ammonium oxalate slowly added. The beaker was then placed in a water bath 
for about a half hour, after which the precipitate was collected in a Gooch cru- 
cible.. This was carefully washed with hot water, and the Gooch crucible was 
_ placed in the original beaker. Then 10 c. c. of 1:1 sulphuric acid was added 


and, after a short time, 100 c. c. of hot water. The free oxalic acid was then 


titrated with a standardized potassium permanganate solution and the calcium 


_ estimated. 


9. Iron (Fe).—Procedure as outlined in Standard Methods, using the potas- 


sium sulphocyanide method. Usually only the total iron was determined, 


although in special instances both dissolved and suspended iron were determined. 
Ferrous iron was not determined. 
ec ————————e 
2 Journal of the American Chemical Society, Vol. 33, p. 799. 
3 Journal of Industrial and Engineering Chemistry, August, 1911. 
4 Journal American Chemical Society, July, 1907. 
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BACTERIOLOGICAL METHODS 


All the culture media used in this study were prepared in the central labora- 
tory at Cincinnati, whence they were shipped weekly to the subsidiary laborato- 
ries. The media used and the methods of preparation, which conformed sub- 
stantially to those prescribed in the Standard Methods of 1912, were as follows: 

Nutrient gelatin.—Prepared from meat infusion in accordanee with Standard 
Methods, except that 12.5 per cent of undried gelatin was added instead of 10 
per cent of desiccated gelatin. Also, up to June, 1915, the medium was heated 
for a longer period than prescribed in Standard Methods, this being found 
necessary to insure its sterility in the large (2 liter) containers in whieh ship- 
ments were made to branch laboratories. Subsequently, after June 1, 1915, 
smaller containers (flat flasks) were used for shipment and the period of sterili- 
zation was reduced to that recommended in Standard Methods. It appears 
from comparative tests that the medium subjected to prolonged heating gave 
plate counts about 20 per cent lower than those obtained with gelatin prepaged 
in strict accordance with Standard Methods. 

Nutrient agar.—Prepared from meat infusion in accordance aith. Standard 
Methods, except that 1.25 per cent of undried thread agar was added instead 
of 1 per cent of the desiccated. 

Endo’s medium.—A 3 per cent agar, made with 1 per cent of Liebig’s meat 
extract. Reaction adjusted to be neutral to phenolphthalein. To each 100 
ce. c. of the melted medium, ‘when ready for use, were added 1 gram of C. P. 
lactose in sterile solution; 0.5 c. c. of a saturated (10-per cent) solution of basic 
fuchsin in 95 per cent alcohol; and 0.125 gram anhydrous sodium sulfite, dis- 
solved in distilled water. 

Lactose broth. Prepared from meat infusion in accordance with Standard 
Methods, except that muscle sugar was removed by inoculation with a pure cul- 
ture of B. colt. 

Beginning in May, 1915, lactose broth was made with 0.3 per cent of Liebig’s 
extract instead of meat infusion, a long series of comparative tests having shown 
that this substitution would make no material change in results. 

Special care was taken to avoid the inversion of lactose, by reducing to a mini- 
mum the period of heating after addition of the sugar. 

Plate counts.—Three gelatin and three agar plates were made from each sample, 
the amounts planted varying from 1 ¢. c. to 0.0001 ¢. c., according to the bacterial 
content of the sample. Two of the plates in each set of three were planted with 
an amount such as might be expected to give not less than 25° nor more than 
400 colonies per plate. The third plate was planted with one-tenth.or ten times 
this amount, according as it appeared more probable that the duplicate plates 
might show too many or too few colonies for a reliable count. It was thus pos- 
sible to obtain in each series at least one, usually two plates, with a good dis-. 
tribution of colonies. 

Special care was taken to attain and check exactness in meets ine dilutions and 
in measuring portions for plating. 

Quantitative determinations of B. coli.—Portions constituting a geometrical 
series were planted in lactose fermentation tubes, which were incubated at37°C. — 
for 48 hours to test gas formation. In order that the tests might have quanti- 
tative significance, the amounts planted were of such range that in each sample 
the largest amount would almost invariably give a positive ®° and the smallest a 
negative result. This involved testing always as many as three, frequently as 
many as five, portions of each sample. 





5 Except where 1c.c. of the sample gave less than 25 colonies, as amounts larger than 1 c.c. were not planted. 
6 Except where amounts of 10 c. c. were not uniformly positive. 
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’ In the confirmation of positive and doubtful presumptive tests, the procedure 
followed conformed essentially to that prescribed for the ‘‘partially confirmed 
test” in Standard Methods, editions of 1917, 1920, 1923; that is, in the smallest 
portion showing gas in each sample, the test was carried to the point of demon- 
strating the growth of ‘‘typical’’.colonies on Endo’s medium, or, in the absence 
of such colonies, was carried to the point of demonstrating the presence or absence 
of organisms growing aerobically on plates and forming gas on subsequent 
transfer to lactose bouillon fermentation tubes. 

In addition, every tenth consecutive positive partially confirmed test was car- 
ried further to full confirmation in order to establish an index of the significance 
of the partially confirmed tests. It was. thus found that 96 per cent of these 
partially confirmed tests were positive according to the ‘‘completed test.” It is 
believed, therefore, that the results as recorded have substantially the same sig- 
nificance as if they had been carried, in every case, to full confirmation by the 
““completed test.” , 

‘The mean numbers of B. coli per c.¢., or so ealled ‘‘B. coli index,” as recorded 
in the tables presented in this report have been computed according to the pro- 
cedure described in Standard Methods (1917, 1920, and 1923), this being considered 
' the method best adapted to summarizing the results of long’series. of tests in portions 
of varying size into simple figures. That this method is fully justified and gives 
results which are relatively if not absolutely correct, is attested by the consistency 
with which variations in the B. coli index follow variations in simultaneous 
gelatin and agar plate counts. 


The following publications on stream pollution and closely related : 


RELATED PUBLICATIONS 


subjects have been issued by the Public Health Service, and may be 


obtained without cost upon request so long as the Supply lasts. The — 
asterisk (*) indicates that the stock has been exhausted, but the 


publications so marked may be bought from the Supermtendent of 
Documents, Washington, D. C.,if the prices are given: 


74, 


86. 


87. 


97. 


100. 


101. 


109. 


118. 


131. 


132. 


ht 


78. 


PUBLIC HEALTH BULLETINS 


Investigation of the pollution of tidal waters of Maryland and Virginia, 
with special reference to shellfish-bearing areas. By Hugh S. Cumming. 
1916. 199 pages. 

Investigation of the pollution of certain tidal shy a of New Jersey, New 
York, and Delaware, with special reference to bathing beaches and 
shellfish-bearing areas. By Hugh 8. Cumming. 1917. 147 pages. 

Stream pollution. A digest of judicial decisions and a compilation of 


legislation relating to the subject. By Stanley D. Montgomery and ~ 


Earle B. Phelps. 1917. 408 pages. 


Studies on the treatment and disposal of wastes: I. The treatment and ! 
disposal of strawboard waste, by Harry B. Hommon. II. The deter-. 


mination of biochemical oxygen demand of industrial wastes and sewage, 


by Emery J. Theriault and Harry B. Hommon. 1918 56 pages; 8 


plates. 

Studies on the treatment and disposal of industrial wastes: III. The puri- 
fication of tannery wastes, by Harry B. Hommon. (Final Report. 
See Public Health Bulletin No. 97.) 1919. 133 pages. 

Studies of methods for the treatment and disposal of sewage. ‘Treatment 
of sewage from single houses and small communities. By Leslie C. 
Frank and C. P. Rhynus. 1919. 117 pages. 

Studies on the treatment and disposal of industrial wastes: IV. The puri- 


fication of creamery wastes. By Harry B. Hommon. 1921. 87 pages. — 


Studies on the treatment and disposal of industrial wastes: V. The purifi- 
cation of tomato-canning wastes. By Harry B. Hommon. 1921. 59 


pages. 


A study of the pollution and natural purification of the Ohio River. 


I. The plankton and related organisms. By W. C. Purdy. 1923. 
78 pages. 

Studies of representative sewage plants. By E. J. Theriault and H. H. 
Wagenhals. 260 pages. 


HYGIENIC LABORATORY BULLETINS 


Sewage pollution of interstate and international waters, with special refer- 
ence to the spread of typhoid fever. I. Lake Erie and the Niagara 
River. By Allan J. McLaughlin. 1911. 169 pages. 25 cents. 

Report No. 4 on the origin and prevalence of typhoid fever in the District 
of Columbia (1909). By L. L. Lumsden and John F. Anderson. ee 
cluding articles contributed by Thomas B. McClintic and Wade H. 
Frost. 1911. 196 pages. 27 charts. 15 maps. : 
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384. 


496. 
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576. 
580. 
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594. 


737. 


813. 
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Sewage pollution of interstate and international waters, with special refer- 
ence to the spread of typhoid fever. VI. The Missouri River from 
Sioux City to its mouth. By Allan J. McLaughlin. 1913. 84 pages. 

Investigation of the pollution and sanitary conditions of the Potomac 
watershed, with special reference to self-purification and the sanitary 
condition of shellfish in the lower Potomac River. By Hugh 8. Cum- 
ming. Plankton studies by W. C. Purdy and hydrographic studies 
by Homer P. Ritter. 1916. 231 pages, 23 plates. 


REPRINTS FROM PUBLIC HEALTH REPORTS 


The pollution of tidal waters. Bearing on health and the importance of 
control. By Hugh 8. Cumming. April 10, 1914. 11 pages. 5 cents. 

What is a safe drinking water? By Allan J. McLaughlin. June 26, 1914. 
11 pages. 

Studies on the self-purification of streams. By Earle B. Phelps. August 
14,1914. 7 pages. 

The chemical disinfection of water. By Earle B. Phelps. October 9, 
1914. 10 pages. 

Bacteriological standard for drinking water. Treasury Department stand- 
ard for drinking water supplied by common carriers. November 6, 
1914. 8 pages. 

The sewage pollution of streams. By W.H. Frost. September 15, 1916. 
12 pages. 5 cents. 

Control of pollution of streams. The International Joint Commission 
and the pollution of boundary waters. By Earle B. Phelps. January 
26,1917. 8 pages. 

Treatment and disposal of creamery wastes. By Earle B. Phelps.. De- 
cember 6, 1918. 5 pages; 1 plate. 

The treatment of sewage from single houses and small communities. By 
Earle B. Phelps. February 14, 1919. 6 pages. 2 plates. 5 cents. 

Ultra-violet rays in water purification. December 12, 1919. 4 pages. 

Treatment and disposal of sewage. By H. B. Hommon, J. K. Hoskins, 
H. W. Streeter, R. E. Tarbett, and H. H. Wagenhals. January 16, 
1919. 31 pages. 

Prevention of stream pollution by dye and intermediate wastes. By EH. J. 
Casselman. January 23, 1920. 19 pages. 

A further study of the excess oxygen method for the determination of the 
biochemical oxygen demand of sewages and industrial wastes. By E. J.. 
Theriault. May 7, 1920. 11 pages. The determination of the bio- 
chemical oxygen demand of sewage and industrial wastes. By E. J. 
Theriault and H. B. Hommon. October, 1918. 16 pages. 

The loading of filter plants. By H. W. Streeter. March 31, 1922. 13 

ages. 

i ERE study of the relation of hydrogen ion concentrations to 
the formation of floc in alum solutions. By Emery J. Theriault and 
W. Mansfield Clark. February 2, 1923. 20 pages. 

Indicators for pH control of alum dosage. By Barnett Cohen. April 6, 
1923. 

The principles underlying the movement of bacillus coli in ground water, 
with resulting pollution of wells. By C. W. Stiles and Harry R. Cro- 
hurst. June 15, 1923. 6 pages. 
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